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ɊЕФЕɊАТ 
Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɨɜ ɫ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɶɸ ɧɚ ɨɫɧɨɜɟ 
ɬɢɬɚɧɚ» ɫɨɞɟɪɠɢɬ 76 ɥɢɫɬɨɜ, 36 ɪɢɫɭɧɤɚ, 18 ɬɚɛɥɢɰ, 23 ɢɫɩɨɥɶɡɭɟɦɵɯ 
ɢɫɬɨɱɧɢɤɨɜ.  
Цɟɥɶ ɪɚɛɨɬɵ: ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɨɜ 
ɫ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɶɸ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɩɪɨɝɪɚɦɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ LWMFlowCV.  
Зɚɞɚɱɢ:  
- ɢɡɭɱɢɬɶ ɫɜɨɣɫɬɜɚ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ 
ɩɪɨɱɧɨɫɬɶɸ; 
- ɢɡɭɱɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɩɭɬɢ 
ɟɝɨ ɭɜɟɥɢɱɟɧɢɹ; 
- ɨɫɜɨɢɬɶ  ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɝɪɚɦɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ 
ɩɪɨɰɟɫɫɨɜ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɫɧɢɠɟɧɢɸ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɨɜ.  
В ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ  ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɥɢɬɧɢɤɨɜɨ-
ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ, ɢɫɩɨɥɶɡɭɹ ɩɪɨɝɪɚɦɦɭ LWMFlowCV, ɩɪɨɜɟɞɟɧɵ 
ɢɡɦɟɧɟɧɢɹ, ɭɫɬɪɚɧɹɸɳɢɟ ɞɟɮɟɤɬɵ ɜ ɨɬɥɢɜɤɟ. ɉɪɟɠɞɟ, ɱɟɦ ɩɨɥɭɱɢɬɶ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 6 ɢɫɫɥɟɞɨɜɚɧɢɣ.  Ɉɩɪɟɞɟɥɺɧ 
ɜɵɯɨɞ ɝɨɞɧɨɝɨ, ɢ ɢɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɩɪɨɢɡɜɟɞɟɧ ɜɵɛɨɪ ɩɥɚɜɢɥɶɧɨɣ ɩɟɱɢ. 
Тɚɤɠɟ, ɨɩɪɟɞɟɥɟɧ ɦɟɬɨɞ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦɵ, ɜɵɛɪɚɧɚ ɫɦɟɫɶ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦɵ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɫɭɲɤɢ, ɩɪɨɤɚɥɤɢ,  
Зɚɜɟɪɲɚɸɳɢɦ ɷɬɚɩɨɦ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɧɨɪɦ ɪɚɫɯɨɞɚ 
ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɧɟɨɛɯɨɞɢɦɵɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ 
ɜɵɯɨɞ ɝɨɞɧɨɝɨ ɫɩɥɚɜɚ ВТ3-1Ʌ.  
Вɵɩɨɥɧɟɧɧɚɹ ɪɚɛɨɬɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ. 
 
 
ȺɇɇɈɌȺɐɂə 
Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɜ ɦɢɪɟ ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 
ɲɢɪɨɤɚɹ ɧɨɦɟɧɤɥɚɬɭɪɚ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ 
ɫɨɫɬɚɜɭ, ɫɬɪɭɤɬɭɪɟ ɢ ɫɜɨɣɫɬɜɚɦ. Ȼɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɥɢɬɟɣɧɵɦ 
ɫɩɥɚɜɚɦ. ɋɮɟɪɚ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɨɛɲɢɪɧɚ – ɜɵɫɨɤɨɩɪɨɱɧɵɟ 
ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɩɨɡɜɨɥɹɸɬ ɫɨɡɞɚɜɚɬɶ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢ 
ɬɟɯɧɨɥɨɝɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɢ 
ɪɚɤɟɬɧɨɣ ɬɟɯɧɢɤɢ, ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɹ, ɷɧɟɪɝɟɬɢɤɢ, ɦɟɞɢɰɢɧɵ ɢ ɞɪ. 
ȼɚɠɧɟɣɲɟɣ ɡɚɞɚɱɟɣ ɫɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢ 
ɢɡɞɟɥɢɣ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɫɧɢɠɟɧɢɟ ɟɝɨ ɬɪɭɞɨɟɦɤɨɫɬɢ ɢ 
ɭɜɟɥɢɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɚɥɥɚ. Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ 
ɭɜɟɥɢɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɚɥɥɚ, ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɩɪɨɝɪɚɦɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɥɢɬɵɯ 
ɡɚɝɨɬɨɜɨɤ.  
ȼ ɞɚɧɧɨɣ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɚɡɪɚɛɨɬɤɚ 
ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɨɜ ɫ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ 
ɩɪɨɱɧɨɫɬɶɸ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
LWMFlowCV. 
ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɢɡɭɱɟɧɵ ɫɜɨɣɫɬɜɚ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ,  
ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɚ ɬɚɤ ɠɟ ɨɫɨɛɟɧɧɨɫɬɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɩɭɬɢ ɟɝɨ ɭɜɟɥɢɱɟɧɢɹ. ɉɪɨɢɡɜɟɞɟɧ 
ɪɚɫɱɟɬ ɥɢɬɧɢɤɨɜɨɣ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɣ ɛɵɥ ɩɪɨɜɟɪɟɧ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ LWMFlowCV, ɨɩɪɟɞɟɥɟɧ ɜɵɯɨɞ ɝɨɞɧɨɝɨ ɢ, 
ɢɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɫɞɟɥɚɧ ɜɵɛɨɪ ɩɥɚɜɢɥɶɧɨɣ ɩɟɱɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɧɨɪɦ ɪɚɫɯɨɞɚ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɧɟɨɛɯɨɞɢɦɵɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ ɜɵɯɨɞ ɝɨɞɧɨɝɨ ɫɩɥɚɜɚ 
ȼɌ3-1Ʌ.   
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: 
ɌɂɌȺɇ, ɈɌɅɂȼɄȺ, ȼɕɋɈɄɈɉɊɈɑɇɕȿ ɌɂɌȺɇɈȼɕȿ ɋɉɅȺȼɕ, 
ɄɈɗФФɂɐɂȿɇɌ ɂɋɉɈɅɖɁɈȼȺɇɂə ɆȿɌȺɅɅȺ, ɆɈȾȿɅɂɊɈȼȺɇɂȿ, 
ɅɂɌȿɃɇɕȿ ɉɊɈɐȿɋɋɕ 
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1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ. Ɉɛщɢɟ ɫɜɟɞɟɧɢɹ. 
 
Ɍɢɬɚɧ (ɥɚɬ.Titanium)  – ɦɟɬɚɥɥ, ɷɥɟɦɟɧɬ IV ɝɪɭɩɩɵ ɩɟɪɢɨɞɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɵ Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ. ɉɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ 22. Ⱥɬɨɦɧɚɹ ɦɚɫɫɚ 47,88. 
ɂɡɨɬɨɩɵ: 48 (ɨɫɧɨɜɧɨɣ), 46, 47, 49, 50. ɉɥɨɬɧɨɫɬɶ 4,5 ɝ/ɫɦ3. Ɍɟɦɩɟɪɚɬɭɪɚ 
ɩɥɚɜɥɟɧɢɹ ɬɢɬɚɧɚ 1665+5˚ɋ. Ɍɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ 3572˚ɋ. ɇɚ ɪɢɫ.1 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɪɢɫɬɚɥɥɵ ɬɢɬɚɧɚ. ɑɢɫɬɵɣ ɬɢɬɚɧ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɜɵɫɨɤɨɣ 
ɩɪɨɱɧɨɫɬɶɸ, ɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɢ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶɸ ɩɪɢ ɨɛɪɚɛɨɬɤɟ 
ɞɚɜɥɟɧɢɟɦ, ɜɤɥɸɱɚɹ ɯɨɥɨɞɧɭɸ ɲɬɚɦɩɨɜɤɭ. 
 Ɍɢɬɚɧ ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ ɜɨ ɦɧɨɝɢɯ 
ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞɚɯ (ɳɟɥɨɱɚɯ, ɤɢɫɥɨɬɚɯ, ɳɟɥɨɱɧɵɯ ɢ ɤɢɫɥɨɬɧɵɯ ɪɚɫɬɜɨɪɚɯ) ɢ 
ɞɪɭɝɢɯ ɚɤɬɢɜɧɵɯ ɫɪɟɞɚɯ. Ɉɫɧɨɜɧɵɟ ɨɛɥɚɫɬɢ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬ 
ɜɵɫɨɤɚɹ ɤɨɪɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɫɪɟɞɚɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɦɨɪɫɤɨɣ 
ɚɬɦɨɫɮɟɪɟ ɢ ɦɨɪɫɤɨɣ ɜɨɞɟ. Ɍɢɬɚɧ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɯ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɱɬɨ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɜ ɧɟɤɨɬɨɪɵɯ 
ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɨɛɥɚɫɬɹɯ ɬɟɯɧɢɤɢ. 
 
 
 
Ɋɢɫɭɧɨɤ 1 – Ʉɪɢɫɬɚɥɥɵ ɬɢɬɚɧɚ 
 
ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɬɢɬɚɧɚ ɜɨ ɦɧɨɝɢɯ ɫɪɟɞɚɯ ɦɨɠɧɨ 
ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɥɟɝɢɪɨɜɚɧɢɟɦ ɢ ɦɟɬɨɞɚɦɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. 
ɗɬɢ ɧɚɩɪɚɜɥɟɧɢɹ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɸɬɫɹ ɟɝɨ ɩɨɥɢɦɨɪɮɢɡɦɨɦ [1].  
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɫɩɥɚɜɨɜ ɬɢɬɚɧ ɥɟɝɢɪɭɸɬ Al, Mo, V, Mn, Cr, 
Sn, Fe, Zr, Nb. ɍɞɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ (sɜ/r) ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɜɵɲɟ, ɱɟɦ ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ. ɇɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɞɟɥɟɧɢɹ ɥɟɝɢɪɭɸɳɢɯ 
ɷɥɟɦɟɧɬɨɜ ɢ ɩɪɢɦɟɫɟɣ ɧɚ ɝɪɭɩɩɵ [2].  
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Ɋɢɫɭɧɨɤ 2 - ɋɯɟɦɚ ɞɟɥɟɧɢɹ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɩɪɢɦɟɫɟɣ ɧɚ ɝɪɭɩɩɵ 
 
ȼɫɟ ɥɟɝɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɩɨ ɜɥɢɹɧɢɸ ɧɚ ɩɨɥɢɦɨɪɮɢɡɦ ɬɢɬɚɧɚ 
ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɬɪɢ ɝɪɭɩɩɵ: 
1. α - ɫɬɚɛɢɥɢɡɚɬɨɪɵ — ɷɥɟɦɟɧɬɵ, ɩɨɜɵɲɚɸɳɢɟ ɬɢɩ ɬɢɬɚɧɚ (Ɋɢɫ.3ɚ). ɂɡ 
ɦɟɬɚɥɥɨɜ ɤ ɱɢɫɥɭ α - ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɨɬɧɨɫɹɬɫɹ Al, Ga, In, ɢɡ ɧɟɦɟɬɚɥɥɨɜ — C, 
N, O. 
2. ȕ - ɫɬɚɛɢɥɢɡɚɬɨɪɵ — ɷɥɟɦɟɧɬɵ, ɩɨɧɢɠɚɸɳɢɟ ɬɢɩ ɬɢɬɚɧɚ. ɂɯ ɦɨɠɧɨ 
ɪɚɡɛɢɬɶ ɧɚ ɬɪɢ ɩɨɞɝɪɭɩɩɵ. ȼ ɫɩɥɚɜɚɯ ɬɢɬɚɧɚ ɫ ɷɥɟɦɟɧɬɚɦɢ 1 ɩɨɞɝɪɭɩɩɵ ɩɪɢ 
ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɢɫɯɨɞɢɬ ɷɜɬɟɤɬɨɢɞɧɵɣ ɪɚɫɩɚɞ ȕ - 
ɮɚɡɵ α+Ȗ (Ɋɢɫ. 3ɛ); ɤ ɢɯ ɱɢɫɥɭ ɨɬɧɨɫɹɬɫɹ Si, Cr, Mn, Fe, Co, Ni, 
Cu, ɧɚɡɵɜɚɟɦɵɟ ɷɜɬɟɤɬɨɢɞɨɨɛɪɚɡɭɸɳɢɦɢ ȕ - ɫɬɚɛɢɥɢɡɚɬɨɪɚɦɢ. 
      
                     ɚ                                          ɛ                                        ɜ 
Ɋɢɫɭɧɨɤ 3 — ȼɥɢɹɧɢɟ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ 
ɩɨɥɢɦɨɪɮɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɬɢɬɚɧɚ: 
ɚ — α - ɫɬɚɛɢɥɢɡɚɬɨɪɵ — ɷɥɟɦɟɧɬɵ, ɩɨɜɵɲɚɸɳɢɟ ɬɢɩ ɬɢɬɚɧɚ; 
ɛ — ȕ - ɫɬɚɛɢɥɢɡɚɬɨɪɵ — ɷɥɟɦɟɧɬɵ, ɩɨɧɢɠɚɸɳɢɟ ɬɢɩ ɬɢɬɚɧɚ; 
ɜ —  ɢɡɨɦɨɪɮɧɵɟ ȕ - ɫɬɚɛɢɥɢɡɚɬɨɪɵ. 
 
ȼ ɫɩɥɚɜɚɯ ɬɢɬɚɧɚ ɫ ɷɥɟɦɟɧɬɚɦɢ 2 ɩɨɞɝɪɭɩɩɵ ȕ - ɪɚɫɬɜɨɪ ɫɨɯɪɚɧɹɟɬɫɹ ɞɨ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (Ɋɢɫ. 3ɜ). Ʉ ɱɢɫɥɭ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɩɪɢɧɚɞɥɟɠɚɬ V,  
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Ɋɢɫɭɧɨɤ 4 – Ɍɢɬɚɧɨɜɚɹ ɝɭɛɤɚ 
 
Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ. ɉɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɬɢɬɚɧɨɜɵɟ 
ɫɩɥɚɜɵ, ɡɚ ɪɟɞɤɢɦ ɢɫɤɥɸɱɟɧɢɟɦ, ɥɟɝɢɪɭɸɬ ɚɥɸɦɢɧɢɟɦ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ 
ɫɥɟɞɭɸɳɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɟɪɟɞ ɨɫɬɚɥɶɧɵɦɢ ɥɟɝɢɪɭɸɳɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ: 
ɚ)   ɞɨɫɬɭɩɧɨɫɬɶ, ɰɟɧɚ; 
ɛ) ɩɥɨɬɧɨɫɬɶ ɚɥɸɦɢɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɩɥɨɬɧɨɫɬɢ ɬɢɬɚɧɚ, 
ɩɨɷɬɨɦɭ ɜɜɟɞɟɧɢɟ ɚɥɸɦɢɧɢɹ ɩɨɜɵɲɚɟɬ ɭɞɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɫɩɥɚɜɨɜ; 
ɜ) ɚɥɸɦɢɧɢɣ ɷɮɮɟɤɬɢɜɧɨ ɭɩɪɨɱɧɹɟɬ α -, (α+ȕ) - ɢ ȕ - ɫɩɥɚɜɵ ɩɪɢ 
ɫɨɯɪɚɧɟɧɢɢ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ; 
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ɝ) ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɚɥɸɦɢɧɢɹ ɩɨɜɵɲɚɟɬɫɹ ɠɚɪɨɩɪɨɱɧɨɫɬɶ 
ɫɩɥɚɜɨɜ; 
ɞ)   ɚɥɸɦɢɧɢɣ ɩɨɜɵɲɚɟɬ ɦɨɞɭɥɢ ɭɩɪɭɝɨɫɬɢ; 
ɟ) ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɚɥɸɦɢɧɢɹ ɜ ɫɩɥɚɜɚɯ ɭɦɟɧɶɲɚɟɬɫɹ ɢɯ 
ɫɤɥɨɧɧɨɫɬɶ ɤ ɜɨɞɨɪɨɞɧɨɣ ɯɪɭɩɤɨɫɬɢ. 
Ɉɞɧɚɤɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɚɥɸɦɢɧɢɹ ɩɨɜɵɲɚɟɬɫɹ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɤ ɫɨɥɟɜɨɣ ɤɨɪɪɨɡɢɢ, ɚ ɬɚɤɠɟ 
ɭɦɟɧɶɲɚɟɬɫɹ ɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɩɥɚɫɬɢɱɧɨɫɬɶ. ɉɨɷɬɨɦɭ ɟɫɥɢ ɟɫɬɶ ɨɩɚɫɧɨɫɬɶ 
ɤɨɧɬɚɤɬɚ ɫɩɥɚɜɨɜ ɫ ɩɨɜɚɪɟɧɧɨɣ ɫɨɥɶɸ ɩɪɢ ɪɚɛɨɬɟ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
250—550°ɋ ɢɥɢ ɧɟɨɛɯɨɞɢɦɚ ɜɵɫɨɤɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɩɥɚɫɬɢɱɧɨɫɬɶ, 
ɫɨɞɟɪɠɚɧɢɟ ɚɥɸɦɢɧɢɹ ɜ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɚɯ ɫɥɟɞɭɟɬ ɨɝɪɚɧɢɱɢɜɚɬɶ. 
Ɍɢɬɚɧɨɜɵɟ α - ɫɩɥɚɜɵ, ɩɨɦɢɦɨ Al, ɥɟɝɢɪɭɸɬ ɧɟɣɬɪɚɥɶɧɵɦɢ 
ɭɩɪɨɱɧɢɬɟɥɹɦɢ (Sn ɢ Zr). ȼɟɫɶɦɚ ɰɟɧɧɵɦ ɫɜɨɣɫɬɜɨɦ α – ɫɩɥɚɜɨɜ ɬɢɬɚɧɚ 
ɹɜɥɹɟɬɫɹ ɢɯ ɯɨɪɨɲɚɹ ɫɜɚɪɢɜɚɟɦɨɫɬɶ; ɷɬɢ ɫɩɥɚɜɵ ɞɚɠɟ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ 
ɫɨɞɟɪɠɚɧɢɢ ɚɥɸɦɢɧɢɹ ɨɞɧɨɮɚɡɧɵ, ɩɨɷɬɨɦɭ ɧɟ ɜɨɡɧɢɤɚɟɬ ɨɯɪɭɩɱɢɜɚɧɢɹ ɲɜɚ 
ɢ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ α – ɫɩɥɚɜɨɜ ɨɬɧɨɫɢɬɫɹ ɢɯ ɫɪɚɜɧɢɬɟɥɶɧɨ 
ɧɟɜɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ, ɫɩɥɚɜɵ ɷɬɨɝɨ ɤɥɚɫɫɚ ɬɟɪɦɢɱɟɫɤɢ ɧɟ ɭɩɪɨɱɧɹɸɬɫɹ. ɉɪɢ 
ɫɨɞɟɪɠɚɧɢɢ ɛɨɥɟɟ 6% (ɩɨ ɦɚɫɫɟ) Al ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɩɥɚɫɬɢɱɧɨɫɬɶ ɫɩɥɚɜɨɜ  
ɧɟ ɜɟɥɢɤɚ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɚɥɸɦɢɧɢɹ ɩɨɜɵɲɚɸɬɫɹ ɪɚɛɨɱɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɬɢɬɚɧɨɜɵɯ α – ɫɩɥɚɜɨɜ. 
ȼ ɩɫɟɜɞɨ – α - ɫɩɥɚɜɵ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɢ ɠɚɪɨɩɪɨɱɧɨɫɬɢ ɩɪɢ 
ɫɨɯɪɚɧɟɧɢɢ ɞɨɫɬɚɬɨɱɧɨɣ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɢ ɫɜɚɪɢɜɚɟɦɨɫɬɢ ɧɚɪɹɞɭ ɫ 
ɚɥɸɦɢɧɢɟɦ ɫɥɟɞɭɟɬ ɜɜɨɞɢɬɶ ȕ - ɫɬɚɛɢɥɢɡɚɬɨɪɵ. ɉɫɟɜɞɨ - α - ɫɩɥɚɜɵ ɩɪɢ 
ɨɞɢɧɚɤɨɜɨɣ ɫ α - ɫɩɥɚɜɚɦɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ɨɛɥɚɞɚɸɬ ɧɚ 10—20% ɛɨɥɟɟ 
ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɫɭɳɟɫɬɜɟɧɧɵɦ ɢɡɦɟɥɶɱɟɧɢɟɦ ɡɟɪɧɚ 
ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ α - ɤ (α +ȕ) - ɫɬɪɭɤɬɭɪɟ. ɉɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɫɟɜɞɨ -
α - ɫɩɥɚɜɵ ɨɬɥɢɱɚɸɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ α - ɫɩɥɚɜɚɦɢ. 
ɉɫɟɜɞɨ - α - ɫɩɥɚɜɵ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ, 
ɯɨɪɨɲɟɣ ɫɜɚɪɢɜɚɟɦɨɫɬɶɸ. ɋɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɩɫɟɜɞɨ - α - ɫɩɥɚɜɨɜ — 
ɢɯ ɜɵɫɨɤɚɹ ɫɤɥɨɧɧɨɫɬɶ ɤ ɜɨɞɨɪɨɞɧɨɣ ɯɪɭɩɤɨɫɬɢ. Ȼɨɥɶɲɢɧɫɬɜɨ α - ɢ ɩɫɟɜɞɨ - 
α - ɫɩɥɚɜɨɜ ɩɪɢɦɟɧɹɸɬ ɜ ɨɬɨɠɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 
ɇɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɦ ɫɨɱɟɬɚɧɢɟɦ ɜɫɟɯ ɫɜɨɣɫɬɜ ɨɬɥɢɱɚɸɬɫɹ 
ɞɜɭɯɮɚɡɧɵɟ ɫɩɥɚɜɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ α + ȕ - ɮɚɡ. ɗɬɢ ɫɩɥɚɜɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 
ɥɭɱɲɟɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɜ ɨɬɨɠɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ  α - ɫɩɥɚɜɚɦɢ, ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ 
ɬɟɪɦɢɱɟɫɤɨɦɭ ɭɩɪɨɱɧɟɧɢɸ ɡɚɤɚɥɤɨɣ ɢ ɫɬɚɪɟɧɢɟɦ, ɦɟɧɶɲɟɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ 
ɜɨɞɨɪɨɞɧɨɣ ɯɪɭɩɤɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ α -  ɢ ɩɫɟɜɞɨ – α – ɫɩɥɚɜɚɦɢ. 
ȼ ɨɬɥɢɱɢɟ ɨɬ α – ɢ ɩɫɟɜɞɨ – α – ɫɩɥɚɜɨɜ α+ȕ ɫɩɥɚɜɵ ɫɭɳɟɫɬɜɟɧɧɨ 
ɭɩɪɨɱɧɹɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɚɤɚɥɤɢ ɢ ɫɬɚɪɟɧɢɹ. 
Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɬɨɠɠɟɧɧɵɯ (α+ȕ) – ɫɩɥɚɜɨɜ ɫɭɳɟɫɬɜɟɧɧɨ 
ɡɚɜɢɫɹɬ ɨɬ ɯɚɪɚɤɬɟɪɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ. ɇɚɢɛɨɥɶɲɢɟ ɪɚɡɥɢɱɢɹ ɧɚɛɥɸɞɚɸɬɫɹ 
ɞɥɹ ɫɩɥɚɜɨɜ ɫ ɡɟɪɧɢɫɬɨɣ ɢ ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɨɣ. Ⱦɥɹ ɫɩɥɚɜɨɜ ɫ ɡɟɪɧɢɫɬɨɣ 
ɫɬɪɭɤɬɭɪɨɣ ɯɚɪɚɤɬɟɪɧɵ: ɜɵɫɨɤɚɹ ɰɢɤɥɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ, ɩɥɚɫɬɢɱɧɨɫɬɶ, 
ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ. 
10 
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2 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɢɫɩɨɥɶɡɭɟɦɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɢɯ ɩɪɢɦɟɧɟɧɢɟ 
 
Ɍɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɞɟɮɨɪɦɢɪɭɟɦɵɟ 
(ɨɛɪɚɛɚɬɵɜɚɟɦɵɟ ɞɚɜɥɟɧɢɟɦ) ɢ ɥɢɬɟɣɧɵɟ. 
 
2.1 Ⱦɟɮɨɪɦɢɪɭɟɦɵɟ ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ. 
 
 
 
ɋɩɥɚɜ Al Mn V Mo Si Cr Sn ıɜɆɉɚ δ,% 
ȼɌ5-1 5 - - - - - 2,5 800-1000 10-15 
ɈɌ4 4,2 1,4 - - - - - 700-900 10-12 
ȼɌ6 6 - 4 - - - - 1100-1250 6 
ȼɌ8 6,4 - - 3,1 0,3 - - 1000-1250 9-11 
ȼɌ14 4,9 - 1,4 3,1 - - - 1150-1400 6-10 
ȼɌ15 3 - - 8 - 11 - 1300-1500 6 
 
ɂɡ ɫɩɥɚɜɚ ȼɌ5-1 ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɥɢɫɬɵ, ɩɨɤɨɜɤɢ, ɬɪɭɛɵ, ɩɪɨɜɨɥɨɤɭ, 
ɩɪɨɮɢɥɢ, ɪɢɫ.5. ɉɫɟɜɞɨ-ȕ-ɫɩɥɚɜ ɈɌ4 (ɧɚɪɹɞɭ ɫ α – ɮɚɡɨɣ ɜ ɫɬɪɭɤɬɭɪɟ 
ɩɪɢɫɭɬɫɬɜɭɟɬ ȕ – ɮɚɡɚ ɜ ɤɨɥɢɱɟɫɬɜɟ 1—5%) ɯɨɪɨɲɨ ɫɜɚɪɢɜɚɟɬɫɹ, 
ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɞɚɜɥɟɧɢɟɦ (ɤɚɤ ɜ ɝɨɪɹɱɟɦ, ɬɚɤ ɢ ɜ ɯɨɥɨɞɧɨɦ ɫɨɫɬɨɹɧɢɹɯ), 
ɨɞɧɚɤɨ ɫɤɥɨɧɟɧ ɤ ɜɨɞɨɪɨɞɧɨɣ ɯɪɭɩɤɨɫɬɢ.  
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Ɋɢɫɭɧɨɤ 5 – Ɍɪɭɛɵ, ɜɵɩɨɥɧɟɧɧɵɟ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ5-1. 
 
 
13 
 
 
 
 
Ɋɢɫɭɧɨɤ 6 – Ɍɭɪɛɢɧɧɵɣ ɚɜɢɚɞɜɢɝɚɬɟɥɶ ȼɌɂ-6 
 
ȼ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɬɢɬɚɧ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɧɚɪɭɠɧɨɣ ɨɛɲɢɜɤɢ ɡɞɚɧɢɣ, 
ɤɪɨɜɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɥɢɰɨɜɤɢ ɤɨɥɨɧɧ, ɫɨɮɢɬɨɜ, ɤɚɪɧɢɡɨɜ, ɧɚɜɟɫɨɜ, 
ɜɧɭɬɪɟɧɧɟɣ ɨɛɲɢɜɤɢ, ɥɟɝɤɢɯ ɤɪɟɩɟɠɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɢɬɚɧ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɤɭɥɶɩɬɭɪɟ ɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɚɦɹɬɧɢɤɨɜ. ɉɚɦɹɬɧɢɤ 
ɘ.Ƚɚɝɚɪɢɧɭ ɜ ɝ. Ɇɨɫɤɜɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 7 [9].  
 
 
14 
 
 
 
Ɋɢɫɭɧɨɤ 7 - ɉɚɦɹɬɧɢɤ ɘ.Ƚɚɝɚɪɢɧɭ ɜ ɝ. Ɇɨɫɤɜɚ, ɢɡɝɨɬɨɜɥɟɧɧɵɣ ɢɡ ɬɢɬɚɧɚ. 
 
 
15 
 
 
ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɢɡ ɝɪɚɮɢɬɚ, ɤɨɪɭɧɞɚ ɢɥɢ ɦɚɝɧɟɡɢɬɚ – ɦɚɬɟɪɢɚɥɨɜ, ɦɢɧɢɦɚɥɶɧɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɫ ɪɚɫɩɥɚɜɥɟɧɧɵɦ ɦɟɬɚɥɥɨɦ. 
Ʌɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜɚ ɜɫɟɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɞɨɜɨɥɶɧɨ ɛɥɢɡɤɢ. Ⱦɥɹ 
ɮɚɫɨɧɧɨɝɨ ɥɢɬɶɹ ɩɪɢɦɟɧɹɸɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɩɥɚɜɵ, ɤɨɬɨɪɵɟ ɩɨ ɨɫɧɨɜɧɵɦ 
ɥɟɝɢɪɭɸɳɢɦ ɷɥɟɦɟɧɬɚɦ ɫɨɜɩɚɞɚɸɬ ɫ ɫɨɫɬɚɜɨɦ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɫɩɥɚɜɨɜ. 
ɂɫɤɥɸɱɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ ɥɢɲɶ ɫɩɥɚɜ ȼɌ21Ʌ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɜ ɧɢɯ ɫɨɞɟɪɠɚɧɢɟ 
ɩɪɢɦɟɫɟɣ ɦɨɠɟɬ ɛɵɬɶ ɧɟɦɧɨɝɨ ɛɨɥɶɲɟ, ɩɨɫɤɨɥɶɤɭ ɥɢɬɟɣɧɵɟ ɫɩɥɚɜɵ ɧɟ ɧɭɠɧɨ 
ɞɟɮɨɪɦɢɪɨɜɚɬɶ. 
ȼ ɬɚɛɥ. 2 ɩɪɢɜɟɞɟɧ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɥɢɬɟɣɧɵɯ 
ɫɩɥɚɜɨɜ ɫ ɭɤɚɡɚɧɢɟɦ ɫɬɪɭɤɬɭɪɧɵɯ ɷɤɜɢɜɚɥɟɧɬɨɜ ɩɨ ɚɥɸɦɢɧɢɸ ɢ ɦɨɥɢɛɞɟɧɭ. 
ɋɩɥɚɜɵ ɬɢɩɚ ȼɌ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɩɨɪɹɞɤɟ ɭɜɟɥɢɱɟɧɢɹ ɢɯ ɷɤɜɢɜɚɥɟɧɬɚ ɩɨ 
ɦɨɥɢɛɞɟɧɭ. ɉɨɫɤɨɥɶɤɭ ɫɪɟɞɧɟɟ ɫɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɟɣ ɜ ɥɢɬɟɣɧɵɯ ɫɩɥɚɜɚɯ 
ɛɨɥɶɲɟ, ɱɟɦ ɜ ɞɟɮɨɪɦɢɪɭɟɦɵɯ, «ɩɪɢɦɟɫɧɵɣ» ɷɤɜɢɜɚɥɟɧɬ ɩɨ ɚɥɸɦɢɧɢɸ ɛɵɥ 
ɩɪɢɧɹɬ ɪɚɜɧɵɦ 2 ɞɥɹ ɬɢɬɚɧɚ ȼɌ1Ʌ ɢ ɫɩɥɚɜɚ ȼɌ5Ʌ ɢ 1,5 ɞɥɹ ɨɫɬɚɥɶɧɵɯ 
ɫɩɥɚɜɨɜ, ɚ ɧɟ ɟɞɢɧɢɰɚ, ɤɚɤ ɞɥɹ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɫɩɥɚɜɨɜ [10].  
 
Ɍɚɛɥɢɰɚ 2 –  ɋɪɟɞɧɢɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɬɢɬɚɧɨɜɵɯ ɥɢɬɟɣɧɵɯ ɫɩɥɚɜɨɜ 
 
ɋɩɥɚɜ 
Ʌɟɝɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ, % ɩɨ ɦɚɫɫɟ [Ɇɨ]ɷɤɜ, % ɩɨ 
ɦɚɫɫɟ 
 
[Al]ɷɤɜ, % ɩɨ 
ɦɚɫɫɟ 
 
Al Mo V Cr Zr ɉɪɨɱɢɟ 
ȼɌ1Ʌ - - - - - - 0 2 
ȼɌ5Ʌ 5 - - - - - 0 7 
ȼɌ21 Ʌ 6,5 0,7 1,2 0,3 5,0 - 2,1 8,8 
ȼɌ20Ʌ 6,5 1,3 1,3 - 2,0 - 2,3 8,3 
ȼɌ6Ʌ 6,0 - 4,0 - - - 2,9 7,5 
ȼɌ8Ʌ 6,4 3,3 - - - 0,30Si 3,3 8,0 
ȼɌ9Ʌ 6,3 3,3 - - 1,5 0,30Si 3,3 8,0 
ȼɌ14Ʌ 5,3 3,3 1,4 - - - 4,3 6,8 
ȼɌ3-1Ʌ 2,5 2,5 - 1,5 - 0,3Si; 0,5Fe 6,0 7,7 
ȼɌ35Ʌ 3 0,6 15 3 0,5 3Sn 16,3 5,6 
ɌɅ3 3,0-4,5 - 1,5-2,5 - - - 0 4,8 
ɌɅ5 3,5-5,0 - 1,5-2,5 - - - 1,4 5,3 
 
Ⱦɥɹ ɮɚɫɨɧɧɨɝɨ ɬɢɬɚɧɨɜɨɝɨ ɥɢɬɶɹ ɩɪɢɦɟɧɹɸɬɫɹ α – ɫɩɥɚɜɵ (ȼɌ1Ʌ ɢ 
ȼɌ5Ʌ), ɩɫɟɜɞɨ – α – ɫɩɥɚɜɵ (ȼɌ21Ʌ ɢ ȼɌ20Ʌ), (ȕ+α) – ɫɩɥɚɜɵ ɫɨ 
ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ȕ – ɮɚɡɵ (ȼɌ6Ʌ, ȼɌ8Ʌ, ȼɌ9Ʌ, ȼɌ14Ʌ 
ɢ ȼɌɁ-1Ʌ) ɢ ɩɫɟɜɞɨ – ȕ – ɫɩɥɚɜ ȼɌ35Ʌ. ɋɩɥɚɜɵ ɌɅ3 ɢ ɌɅ5 – ɫɩɟɰɢɚɥɶɧɵɟ 
16 
 
ɫɩɥɚɜɵ «ɦɨɪɫɤɨɝɨ» ɧɚɡɧɚɱɟɧɢɹ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɨɫɧɨɜɧɨɦ ɜ ɫɭɞɨɫɬɪɨɟɧɢɢ. 
Ɉɬɥɢɜɤɢ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ1Ʌ ɢ ɫɩɥɚɜɚ ȼɌ5Ʌ ɨɛɵɱɧɨ ɧɟ ɩɨɞɜɟɪɝɚɸɬ 
ɤɚɤɨɣ-ɥɢɛɨ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ.  
ɉɫɟɜɞɨ –α – ɢ (ȕ+ α) – ɫɩɥɚɜɵ ɨɬɠɢɝɚɸɬ ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɢ 
ɫɧɹɬɢɹ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. Ɉɬɠɢɝ ɩɪɨɜɨɞɹɬ ɩɨ ɬɟɦ ɠɟ ɪɟɠɢɦɚɦ, 
ɤɨɬɨɪɵɟ ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɞɥɹ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ [11].  
ɋɩɥɚɜ ȼɌ35Ʌ ɢɦɟɟɬ ɨɞɧɨɮɚɡɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ 
ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ȕ – ɮɚɡɨɣ, ɢ ɨɛɥɚɞɚɟɬ ɧɢɡɤɨɣ ɩɪɨɱɧɨɫɬɶɸ. Ⱦɥɹ ɭɩɪɨɱɧɟɧɢɹ 
ɨɬɥɢɜɤɢ ɢɡ ɫɩɥɚɜɚ ȼɌ35Ʌ ɩɨɞɜɟɪɝɚɸɬ ɫɬɚɪɟɧɢɸ. 
ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬ α – ɫɩɥɚɜ ȼɌ5Ʌ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 
ɜɵɫɨɤɢɦɢ ɥɢɬɟɣɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɩɪɨɫɬɨɬɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɢɡ ɧɟɝɨ 
ɨɬɥɢɜɨɤ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶɸ ɢ ɧɟ ɞɟɮɢɰɢɬɧɨɫɬɶɸ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɜ ɧɟɦ 
ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɚɥɸɦɢɧɢɹ, ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɢ 
ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɶɸ ɨɬɥɢɜɨɤ, ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɰɢɤɥɢɱɟɫɤɨɣ ɜɵɧɨɫɥɢɜɨɫɬɶɸ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɬɢɬɚɧɨɦ ɢ ɥɢɬɟɣɧɵɦɢ (ȕ+α) – ɫɩɥɚɜɚɦɢ. ɋɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ȼɌ5Ʌ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɨɫɧɨɜɧɨɦ ɩɥɚɫɬɢɧɱɚɬɵɦɢ ɡɟɪɧɚɦɢ α – ɮɚɡɵ ɜɧɭɬɪɢ ɢɫɯɨɞɧɨɝɨ 
ȕ – ɡɟɪɧɚ.  
ɋɩɥɚɜ ɧɟ ɫɤɥɨɧɟɧ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ, ɯɨɪɨɲɨ ɫɜɚɪɢɜɚɟɬɫɹ. 
Ɉɧ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɚɫɨɧɧɵɯ ɨɬɥɢɜɨɤ, ɞɥɢɬɟɥɶɧɨ 
ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 400°ɋ. ȿɝɨ ɩɪɢɦɟɧɹɸɬ ɬɚɤɠɟ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɫɥɨɠɧɵɯ ɫɜɚɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɩɨɜɵɲɟɧɧɨɣ ɧɚɞɺɠɧɨɫɬɶɸ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
Ɉɬɥɢɜɤɢ ɢɡ α – ɫɩɥɚɜɚ ȼɌ5Ʌ ɢɧɨɝɞɚ ɩɨɞɜɟɪɝɚɸɬ ɩɨɥɧɨɦɭ ɢɥɢ ɧɟɩɨɥɧɨɦɭ 
ɨɬɠɢɝɭ ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɢ ɫɧɹɬɢɹ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. 
ɋɩɥɚɜ ȼɌ6Ʌ ɨɬɥɢɱɚɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɩɪɨɱɧɨɫɬɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɩɥɚɜɨɦ ȼɌ5Ʌ ɩɪɢ ɩɨɱɬɢ ɬɚɤɨɣ ɠɟ 
ɩɥɚɫɬɢɱɧɨɫɬɢ. ɋɩɥɚɜ ȼɌ6Ʌ ɯɨɪɨɲɨ ɫɜɚɪɢɜɚɟɬɫɹ. ȿɝɨ ɩɪɢɦɟɧɟɧɢɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɨɡɞɚɧɢɟ ɧɚɞɟɠɧɵɯ ɫɜɚɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɫɨɱɟɬɚɧɢɢ ɫ 
ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɦɢ ɩɨɥɭɮɚɛɪɢɤɚɬɚɦɢ ɢɡ ɬɨɝɨ ɠɟ ɫɩɥɚɜɚ. Ⱦɥɹ ɫɧɹɬɢɹ 
ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɨɬɥɢɜɤɢ ɩɨɞɜɟɪɝɚɸɬ ɨɬɠɢɝɭ, (ɥɭɱɲɟ, ɟɫɥɢ 
ɜɚɤɭɭɦɧɨɦɭ) ɩɪɢ 750°ɋ ɜ ɬɟɱɟɧɢɟ 1-2 ɱ. 
Ⱦɨɜɨɥɶɧɨ ɱɚɫɬɨ ɞɥɹ ɮɚɫɨɧɧɨɝɨ ɥɢɬɶɹ ɩɪɢɦɟɧɹɸɬ ɬɚɤɠɟ ɫɩɥɚɜ ȼɌ20Ʌ. 
Ɉɬɥɢɜɤɢ ɢɡ ɷɬɨɝɨ ɫɩɥɚɜɚ ɩɨ ɩɪɨɱɧɨɫɬɢ ɩɪɟɜɨɫɯɨɞɹɬ ɫɩɥɚɜ ȼɌ5Ʌ. ɗɬɨɬ ɫɩɥɚɜ 
ɬɚɤɠɟ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɢɦɢ ɥɢɬɟɣɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɯɨɪɨɲɨ ɫɜɚɪɢɜɚɟɬɫɹ. 
ɋɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɥɢɬɟɣɧɵɣ ɫɩɥɚɜ ȼɌ21Ʌ ɭɫɬɭɩɚɟɬ ɞɪɭɝɢɦ ɫɩɥɚɜɚɦ 
ɩɨ ɥɢɬɟɣɧɵɦ ɫɜɨɣɫɬɜɚɦ ɢ ɩɪɢɦɟɧɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɪɟɠɟ, ɞɥɹ ɞɟɬɚɥɟɣ 
ɩɪɨɫɬɵɯ ɤɨɧɮɢɝɭɪɚɰɢɣ.  
Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɥɢɬɟɣɧɵɯ ɫɩɥɚɜɨɜ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥ. 3. 
Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɥɢɬɟɣɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɫɭɳɟɫɬɜɟɧɧɨ 
ɡɚɜɢɫɹɬ ɨɬ ɫɩɨɫɨɛɚ ɥɢɬɶɹ: ɜ ɭɩɥɨɬɧɹɟɦɵɟ ɮɨɪɦɵ, ɨɛɨɥɨɱɤɨɜɵɟ ɮɨɪɦɵ, ɥɢɬɶɺ 
ɜ ɤɨɤɢɥɶ, ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ ɢ ɬ.ɞ. ɉɪɢ ɥɸɛɨɦ ɫɩɨɫɨɛɟ ɥɢɬɶɹ 
ɫɜɨɣɫɬɜɚ ɨɬɥɢɜɨɤ ɡɚɜɢɫɹɬ ɨɬ ɢɯ ɫɟɱɟɧɢɹ, ɬɚɤ ɤɚɤ ɷɬɨɬ ɮɚɤɬɨɪ ɜɥɢɹɟɬ ɧɚ 
ɫɤɨɪɨɫɬɶ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɢ ɨɯɥɚɠɞɟɧɢɹ ɨɬɥɢɜɤɢ ɢ ɨɩɪɟɞɟɥɹɟɬ ɪɚɡɦɟɪɵ 
ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ. Ʉɪɨɦɟ ɬɨɝɨ ɫɩɨɫɨɛ ɥɢɬɶɹ ɜɥɢɹɟɬ ɧɚ 
ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɬɚɤ ɤɚɤ ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɡɝɨɬɨɜɥɟɧɢɟ 
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ɨɬɥɢɜɨɤ ɨɩɪɟɞɟɥɺɧɧɨɝɨ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ, ɤɨɬɨɪɵɣ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɫɜɨɢ 
ɩɪɢɩɭɫɤɢ, ɞɨɩɭɫɤɢ ɢ ɬ.ɞ. 
 
Ɍɚɛɥɢɰɚ 3 – Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɥɢɬɟɣɧɵɯ ɬɢɬɚɧɨɜɵɯ 
ɫɩɥɚɜɨɜ. 
 
ɋɩɥɚɜ Ɉɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ 
Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 
ȼɌ1Ʌ ɇɢɡɤɢɟ ɩɪɨɱɧɨɫɬɧɵɟ 
ɫɜɨɣɫɬɜɚ; 
ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ 
ɩɥɚɫɬɢɱɧɨɫɬɢ 
ɏɨɪɨɲɢɟ ɥɢɬɟɣɧɵɟ 
ɫɜɨɣɫɬɜɚ; ɯɨɪɨɲɨ 
ɫɜɚɪɢɜɚɟɬɫɹ 
ɜɫɟɦɢ ɜɢɞɚɦɢ 
ɫɜɚɪɤɢ 
Ʉɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɚɹ 
ɚɪɦɚɬɭɪɚ ɜ 
ɯɢɦɢɱɟɫɤɨɦ 
ɩɪɨɢɡɜɨɞɫɬɜɟ 
 
ȼɌ5Ʌ ɉɨɜɵɲɟɧɧɵɣ 
ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɧɵɯ 
ɫɜɨɣɫɬɜ, ɜɵɫɨɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ ɭɞɚɪɧɨɣ 
ɜɹɡɤɨɫɬɢ 
 
ɇɚɢɥɭɱɲɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɠɢɞɤɨɬɟɤɭɱɟɫɬɢ, 
ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 
ɦɚɥɵɦ ɢɧɬɟɪɜɚɥɨɦ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ 
Ti-Al (ɫɨ ɫɬɨɪɨɧɵ 
ɬɢɬɚɧɚ); ɧɟ ɫɤɥɨɧɟɧ 
ɤ ɨɛɪɚɡɨɜɚɧɢɸ 
ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ, 
ɯɨɪɨɲɨ ɫɜɚɪɢɜɚɟɬɫɹ 
ɜɫɟɦɢ ɜɢɞɚɦɢ 
ɫɜɚɪɤɢ 
ɗɥɟɦɟɧɬɵ 
ɤɨɧɫɬɪɭɤɰɢɢ 
ɫɚɦɨɥɟɬɨɜ 
(ɤɪɨɧɲɬɟɣɧɵ, 
ɮɢɬɢɧɝɢ, ɤɚɱɚɥɤɢ ɢ 
ɬ.ɩ.); ɞɟɬɚɥɢ 
ɝɚɡɨɬɭɪɛɢɧɧɵɯ 
ɞɜɢɝɚɬɟɥɟɣ 
(ɤɪɨɧɲɬɟɣɧɵ, ɮɥɚɧɰɵ, 
ɰɢɥɢɧɞɪɵ, ɞɟɬɚɥɢ 
ɫɥɨɠɧɨɣ ɮɨɪɦɵ), 
ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɚɹ 
ɬɟɯɧɢɤɚ 
ȼɌ21Ʌ ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
ɩɪɨɱɧɨɫɬɢ, 
ɩɨɧɢɠɟɧɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɥɚɫɬɢɱɧɨɫɬɢ 
 
ɂɡ-ɡɚ ɥɟɝɢɪɨɜɚɧɢɹ 
Zr, Cr ɢ Ɇɨ 
ɨɛɥɚɞɚɟɬ 
ɡɧɚɱɢɬɟɥɶɧɵɦ 
ɢɧɬɟɪɜɚɥɨɦ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ, 
ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 
ɩɨɧɢɠɟɧɧɨɣ 
ɠɢɞɤɨɬɟɤɭɱɟɫɬɶɸ ɢ 
ɩɨɜɵɲɟɧɧɨɣ 
ɫɤɥɨɧɧɨɫɬɶɸ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ 
ɩɨɪɢɫɬɨɫɬɢ 
Ⱦɟɬɚɥɢ ɩɪɨɫɬɨɣ 
ɤɨɧɮɢɝɭɪɚɰɢɢ 
 
ȼɌ20Ʌ Ʌɟɝɢɪɨɜɚɧɢɟ Ɇɨ, 
V ɢ Zr ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɛɨɥɟɟ ɜɵɫɨɤɢɟ 
ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ 
Ɉɛɥɚɞɚɟɬ 
ɯɨɪɨɲɢɦɢ 
ɥɢɬɟɣɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ, 
ɗɥɟɦɟɧɬɵ 
ɤɨɧɫɬɪɭɤɰɢɢ 
ɚɜɢɚɰɢɨɧɧɵɯ ɞɟɬɚɥɟɣ 
(ɤɨɥɶɰɚ, ɮɥɚɧɰɵ, 
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ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ 
ɫɩɥɚɜɨɦ ȼɌ5Ʌ 
 
ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ ɧɟ- 
ɫɤɨɥɶɤɨ ɜɵɲɟ, ɱɟɦ 
ɭ (ȕ+ α)-ɫɩɥɚɜɨɜ. 
ɏɨɪɨɲɨ 
ɫɜɚɪɢɜɚɟɬɫɹ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɫ ɞɪɭɝɢɦɢ 
ɫɩɥɚɜɚɦɢ 
ɨɛɨɣɦɵ, ɤɨɪɩɭɫɚ, 
ɞɟɬɚɥɢ 
ɫɥɨɠɧɨɣ 
ɤɨɧɮɢɝɭɪɚɰɢɢ); ɞɟɬɚɥɢ 
ɢ ɭɡɥɵ ɫɚɦɨɥɟɬɨɜ; 
ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɚɹ 
ɬɟɯɧɢɤɚ 
ȼɌ6Ʌ Ʌɟɝɢɪɨɜɚɧɢɟ Ⱥl ɢ V 
ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɩɨɜɵɲɟɧɧɵɟ 
ɩɪɨɱɧɨɫɬɧɵɟ 
ɫɜɨɣɫɬɜɚ ɩɪɢ 
ɩɪɢɟɦɥɟɦɨɣ 
ɩɥɚɫɬɢɱɧɨɫɬɢ 
Ɉɛɥɚɞɚɟɬ 
ɯɨɪɨɲɢɦɢ 
ɥɢɬɟɣɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ, 
ɯɨɪɨɲɨ ɫɜɚɪɢɜɚɟɬɫɹ 
 
ɗɥɟɦɟɧɬɵ 
ɤɨɧɫɬɪɭɤɰɢɢ 
ɫɚɦɨɥɟɬɨɜ 
ɢ ɚɜɢɚɰɢɨɧɧɵɯ 
ɞɜɢɝɚɬɟɥɟɣ 
 
ȼɌ8Ʌ Ʌɟɝɢɪɨɜɚɧɢɟ Ⱥl, Ɇɨ ɢ 
Si ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɩɨɜɵɲɟɧɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɠɚɪɨɩɪɨɱɧɨɫɬɢ ɩɪɢ 
500-550°ɋ 
Ɉɛɥɚɞɚɟɬ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵ
ɦɢ ɥɢɬɟɣɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ 
 
Ⱦɟɬɚɥɢ, ɪɚɛɨɬɚɸɳɢɟ 
ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 
 
ȼɌ9Ʌ Ʌɟɝɢɪɨɜɚɧɢɟ Al, Mo, Zr 
ɢ Si ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɩɨɜɵɲɟɧɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɠɚɪɨɩɪɨɱɧɨɫɬɢ 
ɩɪɢ 500-550°ɋ; 
ɩɨɧɢɠɟɧɧɚɹ 
ɩɥɚɫɬɢɱɧɨɫɬɶ 
Ɉɛɥɚɞɚɟɬ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵ
ɦɢ ɥɢɬɟɣɧɵɦɢ 
ɫɜɨɣɫɬɜɚ- 
ɦɢ; ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ 
ɯɭɠɟ, ɱɟɦ ɭ ɫɩɥɚɜɚ 
ȼɌ5Ʌ 
 
Ⱦɟɬɚɥɢ, ɪɚɛɨɬɚɸɳɢɟ 
ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 
 
ȼɌ35Ʌ ɂɡ-ɡɚ ɜɵɫɨɤɨɝɨ 
ɫɨɞɟɪɠɚɧɢɹ 
ȕ-ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɫɩɥɚɜ 
ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɩɨɫɥɟ 
ɡɚɬɜɟɪɞɟɜɚɧɢɹ 
ɫɨɯɪɚɧɹɟɬ 
ɦɟɬɚɫɬɚɛɢɥɶɧɭɸ 
ȕ-ɫɬɪɭɤɬɭɪɭ; 
ɩɨɫɥɟɞɭɸɳɟɟ ɫɬɚɪɟɧɢɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ 
ɩɪɨɱɧɨɫɬɶ ɩɪɢ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ 
ɩɥɚɫɬɢɱɧɨɫɬɢ (ıɜ ≥1100 Ɇɉɚ; δ≈9 %; 
ψ≈7 %) ɩɨɫɥɟ 
ɝɚɡɨɫɬɚɬɢɪɨɜɚɧɢɹ ɢ 
Ɉɛɥɚɞɚɟɬ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵ
ɦɢ ɥɢɬɟɣɧɵɦɢ 
ɫɜɨɣɫɬɜɚ- 
ɦɢ 
 
ȼɵɫɨɤɨɩɪɨɱɧɵɟ 
ɥɢɬɵɟ ɞɟɬɚɥɢ 
ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ 
ɬɟɯɧɢɤɢ 
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ɫɬɚɪɟɧɢɹ 
ȼɌ14Ʌ Ɉɛɥɚɞɚɟɬ 
ɩɨɜɵɲɟɧɧɵɦɢ 
ɩɪɨɱɧɨɫɬɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ ɩɪɢ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ 
ɩɥɚɫɬɢɱɧɨɫɬɢ 
Ʌɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜɚ 
ɯɭɠɟ, ɱɟɦ ɭ ɫɩɥɚɜɚ 
ȼɌ5Ʌ; ɫɩɥɚɜ 
ɫɜɚɪɢɜɚɟɬɫɹ 
 
ɋɜɚɪɢɜɚɟɦɵɟ ɞɟ- 
ɬɚɥɢ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ 
ɬɟɯɧɢɤɢ 
 
ȼɌ3-1Ʌ Ɉɛɥɚɞɚɟɬ 
ɩɨɜɵɲɟɧɧɵɦɢ 
ɩɨɤɚɡɚɬɟɥɹɦɢ 
ɩɪɨɱɧɨɫɬɢ ɢ 
ɠɚɪɨɩɪɨɱɧɨɫɬɢ ɩɪɢ 
ɩɨɧɢɠɟɧɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ 
ɩɥɚɫɬɢɱɧɨɫɬɢ 
Ʌɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜɚ 
ɯɭɠɟ, ɱɟɦ ɭ ɫɩɥɚɜɚ 
ȼɌ5Ʌ 
 
Ⱦɟɬɚɥɢ ɞɜɢɝɚɬɟɥɟɣ, 
ɪɚɛɨɬɚɸɳɢɟ 
ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 
 
ɌɅ3 Ɉɬɥɢɱɚɟɬɫɹ ɧɟɜɵɫɨɤɨɣ 
ɩɪɨɱɧɨɫɬɶɸ, ɯɨɪɨɲɟɣ 
ɩɥɚɫɬɢɱɧɨɫɬɶɸ 
ɢ ɤɨɪɪɨɡɢɨɧɧɨɣ 
ɫɬɨɣɤɨɫɬɶɸ ɜ 
ɦɨɪɫɤɨɣ ɜɨɞɟ 
Ɉɛɥɚɞɚɟɬ 
ɯɨɪɨɲɢɦɢ 
ɥɢɬɟɣɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ; 
ɯɨɪɨɲɨ ɫɜɚɪɢɜɚɟɬɫɹ 
ɂɡɞɟɥɢɹ ɫɭɞɨɜɨɝɨ 
ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ 
ɌɅ5 Ȼɨɥɟɟ ɩɪɨɱɧɵɣ ɫɩɥɚɜ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɌɅ3 
ɩɪɢ ɦɟɧɶɲɟɣ 
ɩɥɚɫɬɢɱɧɨɫɬɢ 
Ɉɛɥɚɞɚɟɬ 
ɯɨɪɨɲɢɦɢ 
ɥɢɬɟɣɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ; 
ɯɨɪɨɲɨ ɫɜɚɪɢɜɚɟɬɫɹ 
Ɍɹɠɟɥɨɧɚɝɪɭɠɟɧɧɵɟ 
ɞɟɬɚɥɢ 
ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɨɜ, 
ɝɪɟɛɧɵɟ ɜɢɧɬɵ, 
ɫɜɚɪɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ 
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Ɉɞɧɢɦ ɢɡ ɩɪɟɢɦɭɳɟɫɬɜ ɬɢɬɚɧɨɜɵɯ ɨɬɥɢɜɨɤ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɭɞɚɪɧɚɹ 
ɜɹɡɤɨɫɬɶ ɢ ɜɹɡɤɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɧɟ ɭɫɬɭɩɚɸɬ, ɚ ɧɟɪɟɞɤɨ ɢ 
ɩɪɟɜɨɫɯɨɞɹɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɟɥɢɱɢɧɵ ɞɥɹ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
Ɍɢɬɚɧɨɜɵɟ ɨɬɥɢɜɤɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɚɜɢɚɰɢɨɧɧɨɦ ɢ ɪɚɤɟɬɧɨɦ 
ɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɢ ɞɥɹ ɞɟɬɚɥɟɣ ɬɢɩɚ ɤɨɪɩɭɫɨɜ ɢ ɤɪɵɥɶɱɚɬɨɤ, ɪɚɡɧɨɝɨ ɪɨɞɚ 
ɤɪɨɧɲɬɟɣɧɨɜ, ɚ ɬɚɤɠɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɡɥɢɱɧɵɯ ɦɟɥɤɢɯ ɚɪɦɚɬɭɪɧɵɯ 
ɞɟɬɚɥɟɣ, ɢɡɝɨɬɨɜɥɟɧɢɟ ɤɨɬɨɪɵɯ ɢɡ ɩɪɭɬɤɨɜ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ 
ɬɪɭɞɨɺɦɤɨ (ɫɜɹɡɚɧɨ ɫ ɛɨɥɶɲɢɦɢ ɩɨɬɟɪɹɦɢ ɦɟɬɚɥɥɚ ɜ ɫɬɪɭɠɤɭ), ɚ ɢɧɨɝɞɚ ɢ 
ɜɨɜɫɟ ɧɟɜɨɡɦɨɠɧɨ. ɉɪɢɦɟɪɵ ɫɥɨɠɧɵɯ ɩɨ ɤɨɧɮɢɝɭɪɚɰɢɢ ɨɬɥɢɜɨɤ ɞɥɹ 
ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 8 
 
 Ɋɢɫɭɧɨɤ 8 – Ʉɨɪɩɭɫɧɵɟ ɨɬɥɢɜɤɢ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 
ɜɵɩɨɥɧɟɧɧɵɟ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ5Ʌ  
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                         ɚ                                                                  ɛ 
Ɋɢɫɭɧɨɤ 9 – Ɉɬɥɢɜɤɢ ɞɥɹ ɫɭɞɨɫɬɪɨɟɧɢɹ, ɜɵɩɨɥɧɟɧɧɵɟ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ 
ɌɅ3: ɚ – ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ; ɛ – ɤɪɵɥɶɱɚɬɤɚ   
 
Ɉɫɧɨɜɧɨɣ ɧɨɦɟɧɤɥɚɬɭɪɨɣ ɬɢɬɚɧɨɜɵɯ ɨɬɥɢɜɨɤ ɞɥɹ ɯɢɦɢɱɟɫɤɨɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɢ, ɱɟɪɧɨɣ ɢ ɰɜɟɬɧɨɣ ɦɟɬɚɥɥɭɪɝɢɢ ɢ 
ɞɪɭɝɢɯ ɨɬɪɚɫɥɟɣ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, ɢɦɟɸɳɢɯ ɞɟɥɨ ɫ ɚɝɪɟɫɫɢɜɧɵɦɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɫɪɟɞɚɦɢ ɢ ɪɟɚɝɟɧɬɚɦɢ, ɹɜɥɹɟɬɫɹ ɚɪɦɚɬɭɪɚ, ɤɨɪɩɭɫɚ ɢ 
ɤɪɵɥɶɱɚɬɤɢ ɰɟɧɬɪɨɛɟɠɧɵɯ ɧɚɫɨɫɨɜ ɞɥɹ ɩɟɪɟɤɚɱɤɢ ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 
ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ. ɉɪɢɦɟɪ ɬɢɬɚɧɨɜɨɣ ɨɬɥɢɜɤɢ ɞɥɹ ɯɢɦɢɱɟɫɤɨɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 10. 
 
 Ɋɢɫɭɧɨɤ 10 – Ɉɬɥɢɜɤɚ «ɤɨɪɩɭɫ ɧɚɫɨɫɚ» ɞɥɹ ɯɢɦɢɱɟɫɤɨɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜɵɩɨɥɧɟɧɧɚɹ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ1Ʌ 
 
Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɪɢɦɟɧɟɧɢɹ ɬɢɬɚɧɨɜɵɯ ɨɬɥɢɜɨɤ 
ɜ ɷɬɢɯ ɨɛɥɚɫɬɹɯ ɫ ɢɡɛɵɬɤɨɦ ɨɩɪɚɜɞɵɜɚɸɬ ɢɯ ɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ. 
ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɬɢɬɚɧɨɜɨɣ ɚɩɩɚɪɚɬɭɪɵ ɩɨɥɭɱɚɟɬɫɹ ɡɚ 
ɫɱɟɬ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɫɪɨɤɚ ɫɥɭɠɛɵ. 
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Ɋɢɫɭɧɨɤ 11 – Ɍɢɬɚɧɨɜɵɣ ɩɪɨɬɟɡ ɬɚɡɨɛɟɞɪɟɧɧɨɝɨ ɫɭɫɬɚɜɚ ɢɡ ɫɩɥɚɜɚ  
Ti-12Mo-6Zr  
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3 Ʌɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɚ 
 
Ɍɢɬɚɧ ɢ ɟɝɨ ɫɩɥɚɜɵ ɨɛɥɚɞɚɸɬ ɯɨɪɨɲɢɦɢ ɥɢɬɟɣɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ - 
ɜɵɫɨɤɨɣ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶɸ, ɦɚɥɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɝɚɡɨɜɨɣ ɩɨɪɢɫɬɨɫɬɢ, 
ɧɟɛɨɥɶɲɨɣ ɥɢɧɟɣɧɨɣ ɢ ɨɛɴɟɦɧɨɣ ɭɫɚɞɤɨɣ (2–3 %). ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɬɢɬɚɧ ɢɦɟɟɬ 
ɜɵɫɨɤɭɸ ɯɢɦɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɚɫɩɥɚɜɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ 
ɤ ɟɝɨ ɡɚɝɪɹɡɧɟɧɢɸ ɩɪɢɦɟɫɹɦɢ, ɫɧɢɠɚɸɳɢɦɢ ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ ɜɹɡɤɨɫɬɶ 
ɦɟɬɚɥɥɚ ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɜɤɢ ɢ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɦɚɬɟɪɢɚɥɨɦ ɬɢɝɥɹ ɢ 
ɮɨɪɦɵ. ɉɨɷɬɨɦɭ ɩɪɢ ɮɚɫɨɧɧɨɦ ɥɢɬɶɟ ɜɨɡɧɢɤɚɸɬ ɩɪɨɛɥɟɦɵ, ɜɨ-ɩɟɪɜɵɯ, ɫ 
ɪɚɡɪɚɛɨɬɤɨɣ ɫɩɨɫɨɛɨɜ ɩɥɚɜɤɢ ɜ ɡɚɳɢɬɧɵɯ ɚɬɦɨɫɮɟɪɚɯ, ɜɨ-ɜɬɨɪɵɯ, ɫ ɜɵɛɨɪɨɦ 
ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɮɨɪɦ ɢ ɬɢɝɥɟɣ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɟɪɜɚɹ ɩɪɨɛɥɟɦɚ 
ɩɪɚɤɬɢɱɟɫɤɢ ɪɟɲɟɧɚ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɚɤɭɭɦɧɨɣ ɞɭɝɨɜɨɣ ɝɚɪɧɢɫɚɠɧɨɣ 
ɩɥɚɜɤɢ. Ɉɞɧɚɤɨ ɦɚɬɟɪɢɚɥ ɞɥɹ ɮɨɪɦ ɢ ɬɢɝɥɟɣ, ɧɟɞɨɪɨɝɨɣ ɢ ɬɟɯɧɨɥɨɝɢɱɧɵɣ, ɞɨ 
ɫɢɯ ɩɨɪ ɧɟ ɧɚɣɞɟɧ. Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɝɪɚɮɢɬ: 80 
% ɜɫɟɝɨ ɥɢɬɶɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ ɜ ɝɪɚɮɢɬɨɜɵɟ ɢ 
ɤɨɤɫɨɜɵɟ ɮɨɪɦɵ ɢɥɢ ɮɨɪɦɵ ɧɚ ɨɫɧɨɜɟ ɷɥɟɤɬɪɨɤɨɪɭɧɞɚ ɫ ɩɢɪɨɭɝɥɟɪɨɞɧɵɦ 
ɩɨɤɪɵɬɢɟɦ. Ɍɚɤɢɟ ɮɨɪɦɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɬɥɢɜɨɤ ɫ ɧɟɛɨɥɶɲɢɦ ɝɚɡɨɧɚɫɵɳɟɧɧɵɦ ɫɥɨɟɦ. Ⱦɪɭɝɢɟ ɦɚɬɟɪɢɚɥɵ – 
ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɟ ɨɤɢɫɢ ɤɚɥɶɰɢɹ ɢ ɬɨɪɢɹ, ɤɚɪɛɢɞ ɬɢɬɚɧɚ, ɬɚɤɠɟ 
ɫɩɨɫɨɛɧɵɟ ɜɵɞɟɪɠɚɬɶ ɞɥɢɬɟɥɶɧɵɣ ɤɨɧɬɚɤɬ ɫ ɪɚɫɩɥɚɜɥɟɧɧɵɦ ɬɢɬɚɧɨɦ, 
ɞɨɪɨɝɢ.  
Ʌɢɬɶɺ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɜ ɮɨɪɦɵ, ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɟ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ 
ɦɨɞɟɥɹɦ, ɩɪɢɦɟɧɹɸɬ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɧɟɛɨɥɶɲɢɯ ɩɨ ɜɟɫɭ ɢ ɫɥɨɠɧɵɯ ɩɨ 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɬɨɧɤɨɫɬɟɧɧɵɯ ɨɬɥɢɜɨɤ. ɗɬɨɬ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ 
ɫɧɢɡɢɬɶ ɬɪɭɞɨɺɦɤɨɫɬɶ ɢ ɫɬɨɢɦɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ, ɩɨɫɤɨɥɶɤɭ ɨɬɥɢɜɤɢ 
ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɟ ɬɪɟɛɭɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. 
ȼ ɰɟɥɨɦ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɜɵɩɥɚɜɥɹɟɦɵɯ ɦɨɞɟɥɟɣ ɢ ɨɛɨɥɨɱɤɨɜɵɯ 
ɮɨɪɦ ɞɥɹ ɥɢɬɶɹ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɩɨɯɨɠ ɧɚ ɚɧɚɥɨɝɢɱɧɵɣ ɩɪɨɰɟɫɫ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɬɚɥɶɧɵɯ ɨɬɥɢɜɨɤ. Ɉɞɧɚɤɨ ɢɡ-ɡɚ ɫɢɥɶɧɨɣ ɪɟɚɤɰɢɨɧɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɬɢɬɚɧɚ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɤ ɥɢɬɟɣɧɵɦ ɮɨɪɦɚɦ 
ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɨɫɨɛɵɟ ɬɪɟɛɨɜɚɧɢɹ: 
1) ɩɨɜɵɲɟɧɧɚɹ ɯɢɦɢɱɟɫɤɚɹ ɢɧɟɪɬɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɬɢɬɚɧɭ. 
2) ɜɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ ɨɛɨɥɨɱɟɤ, ɬɚɤ ɤɚɤ ɡɚɥɢɜɤɚ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɰɟɧɬɪɨɛɟɠɧɵɦ ɫɩɨɫɨɛɨɦ. 
3) ɜɵɫɨɤɚɹ ɬɟɪɦɢɱɟɫɤɚɹ ɫɬɨɣɤɨɫɬɶ, ɩɨɫɤɨɥɶɤɭ ɮɨɪɦɚ ɡɚɥɢɜɚɟɬɫɹ ɜ 
ɯɨɥɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɞɨɥɠɧɚ ɜɵɞɟɪɠɢɜɚɬɶ ɬɟɩɥɨɜɨɣ ɭɞɚɪ ɜ ɦɨɦɟɧɬ ɡɚɥɢɜɤɢ. 
ɇɚ ɪɢɫ. 12 ɩɪɟɞɫɬɚɜɥɟɧɵ, ɨɬɥɢɜɤɢ, ɜɵɩɨɥɧɟɧɧɵɟ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ɩɨ 
ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ 
Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ 
ɞɥɹ ɬɢɬɚɧɨɜɨɝɨ ɥɢɬɶɹ, ɢɫɩɨɥɶɡɭɸɬ ɞɜɭɨɤɢɫɶ ɰɢɪɤɨɧɢɹ, ɷɥɟɤɬɪɨɤɨɪɭɧɞ, 
ɝɪɚɮɢɬ, ɤɨɤɫ. 
 
24 
 
 
 
Ɋɢɫɭɧɨɤ 12 -  Ɉɬɥɢɜɤɢ ɞɥɹ ɫɭɞɨɫɬɪɨɟɧɢɹ, ɜɵɩɨɥɧɟɧɧɵɟ ɢɡ ɬɢɬɚɧɨɜɨɝɨ 
ɫɩɥɚɜɚ  
 
 
 
 
 
 
 
 
25 
 
Ɍɚɛɥɢɰɚ 4 - ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ ɝɚɪɚɧɬɢɪɭɟɦɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 
ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ 
 
 
 
Ɍɚɛɥɢɰɚ 5 - ɉɪɟɞɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɟɣ ɜ ɥɢɬɟɣɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɚɯ 
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Ɍɚɛɥɢɰɚ 6 – Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɢɬɚɧɚ ɢ  ɟɝɨ ɥɢɬɟɣɧɵɯ ɫɩɥɚɜɨɜ 
 
ɋɩɥɚɜ ɉɥɨɬɧɨɫɬɶ ɩɪɢ 20°ɋ ɤɝ/ɦ3 
Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ α*106,Ʉ-1 ɫ, ɤȾɠ/(ɤɝ,Ʉ) 
Ȝ, 
ȼɬ/(ɦ,Ʉ) 
ρ20*106,Ɉɦ*ɫɦ ɥɢɤɜɢɞɭɫ ɫɨɥɢɞɭɫ 
Ɍɢɬɚɧ 4500 1668 - 11,2 (0-1668) 0,525 (20) 
0,591 (500) 
0,691 (1000) 
0,698 (1500) 
13,4 (20) 
16,3 (500) 
21,0 (1000) 
26,8 (1500) 
61 
ȼɌ5Ʌ 4410 1640 1600 8,6 (20-100) 
9,2 (20-500) 
9,8 (20-900) 
0,544 (100) 
0,670 (400) 
0,754 (600) 
8,79 (25) 
13,0 (400) 
15,5 (600) 
 
ȼɌ6Ʌ 4430 1650 1590 8,3 (20-100) 
9,5 (20-500) 
10,0 (20-700) 
0,543 (100) 
0,668 (400) 
0,794 (700) 
8,8 (25) 
13,4 (400) 
17,6 (700) 
162 
ȼɌ3-1Ʌ 4430 1620 1560 9,5 (20-100) 
10,3 (20-500) 
0,565 (100) 
0,691 (400) 
0,795 (600) 
6,69 (25) 
12,1 (400) 
15,1 (600) 
 
ȼɌ9Ʌ 4490 1620 1560 7,61 (20-100) 
9,57 (20-500) 
10,49 (20-800) 
  169 
ȼɌ14Ʌ 4500 1650 1590 7,82 (20-100) 
8,73 (20-500) 
8,84 (20-700) 
0,501 (100) 
0,623 (400) 
0,993 (800) 
9,1 (100) 
13,1 (400) 
18,2 (800) 
161 
ȼɌ21Ʌ 4470 1630 1550 8,5 (20-100) 
9,5 (20-500) 
10,5 (20-900) 
0,515 (100) 
0,675 (400) 
0,900 (800) 
7,9 (100) 
12,1 (400) 
18,4 (800) 
170 
ȼɌ1Ʌ 4500 1670 1655 8,2 (20-100) 0,525 (920) 13,4 (20) 106 
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ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɬɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɚɯ ɨɛɵɱɧɨ 
ɧɟ ɛɨɥɟɟ 2% (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɭɫɬɚɪɟɜɲɢɯ ɫɩɥɚɜɨɜ). 
ɇɚɢɛɨɥɟɟ ɬɟɯɧɨɥɨɝɢɱɧɵɦɢ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɥɢɬɟɣɧɵɦɢ 
ɬɢɬɚɧɨɜɵɦɢ ɫɩɥɚɜɚɦɢ ɹɜɥɹɸɬɫɹ α- ɢ ɩɫɟɜɞɨ α - ɫɩɥɚɜɵ, ɤɨɬɨɪɵɟ ɚɧɚɥɨɝɢɱɧɨ 
ɞɟɮɨɪɦɢɪɭɟɦɵɦ ɫɩɥɚɜɚɦ ɬɨɣ ɠɟ ɝɪɭɩɩɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɯɨɪɨɲɟɣ 
ɫɜɚɪɢɜɚɟɦɨɫɬɶɸ ɢ ɦɚɥɨɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɭɩɪɨɱɧɹɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɟ. ɗɬɨ ɬɚɤɢɟ ɫɩɥɚɜɵ ɤɚɤ ȼɌ18, ȼɌ20, ɈɌ4. Ɍɚɤɨɟ ɫɨɜɩɚɞɟɧɢɟ 
ɨɛɴɹɫɧɹɟɬɫɹ ɫɯɨɞɫɬɜɨɦ ɬɟɪɦɢɱɟɫɤɢɯ ɰɢɤɥɨɜ ɫɜɚɪɤɢ ɩɥɚɜɥɟɧɢɟɦ ɢ 
ɨɯɥɚɠɞɟɧɢɹ ɨɬɥɢɜɤɢ ɜ ɮɨɪɦɟ. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɡɚɬɜɟɪɞɟɜɚɸɳɢɣ ɦɟɬɚɥɥ (ɚ ɜ 
ɫɥɭɱɚɟ ɫɜɚɪɤɢ ɢ ɡɨɧɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ) ɩɪɨɯɨɞɢɬ ɲɢɪɨɤɭɸ ɩɨɥɨɫɭ 
ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɨɯɥɚɠɞɟɧɢɹ, ɜɵɡɵɜɚɸɳɢɯ ɨɯɪɭɩɱɢɜɚɧɢɟ, ɟɫɥɢ ɫɩɥɚɜ 
ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɡɚɤɚɥɤɟ ɢ ɫɬɚɪɟɧɢɸ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɟɪɦɢɱɟɫɤɢ ɭɩɪɨɱɧɹɟɦɵɟ 
ɫɩɥɚɜɵ ɞɜɭɯɮɚɡɧɨɝɨ ɬɢɩɚ ɫɨɞɟɪɠɚɬ ɩɨɜɵɲɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɨɛɚɜɨɤ ȕ- 
ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ, ɪɚɫɲɢɪɹɸɳɢɯ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɯɭɞɲɚɸɳɢɯ ɥɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜɚ [13].  
 
 
 
 
 
 
28 
 
4 ɋɨɜɪɟɦɟɧɧɨɟ ɩɥɚɜɢɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɢɦɟɧɹɟɦɨɟ ɞɥɹ 
ɜɵɩɥɚɜɤɢ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɚ 
 
Ɍɢɬɚɧ ɢ ɟɝɨ ɫɩɥɚɜɵ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɨɛɥɚɞɚɸɬ ɨɱɟɧɶ ɜɵɫɨɤɨɣ 
ɪɟɚɤɰɢɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ (ɜɫɟ ɢɡɜɟɫɬɧɵɟ ɨɝɧɟɭɩɨɪɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɟ 
ɜɵɞɟɪɠɢɜɚɸɬ ɜɥɢɹɧɢɹ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɬɢɬɚɧɚ). Ʉ ɬɨɦɭ ɠɟ ɬɢɬɚɧ ɨɱɟɧɶ 
ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɩɪɢɦɟɫɟɣ (ɚɡɨɬ, ɜɨɞɨɪɨɞ, ɤɢɫɥɨɪɨɞ, ɭɝɥɟɪɨɞ), 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɜ ɪɚɫɩɥɚɜɟ ɩɪɢ ɟɝɨ ɤɨɧɬɚɤɬɟ ɫ ɮɭɬɟɪɨɜɤɨɣ ɩɟɱɢ. 
ɗɬɢ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ ɩɪɟɞɴɹɜɥɹɸɬ ɪɹɞ ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɥɚɜɢɥɶɧɵɦ 
ɚɝɪɟɝɚɬɚɦ ɞɥɹ ɩɥɚɜɤɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ: 
 ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɵɫɨɤɭɸ 
ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɩɥɚɜɥɹɟɦɨɝɨ ɦɟɬɚɥɥɚ ɩɭɬɟɦ ɩɨɞɜɨɞɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ 
ɧɟɦɭ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɛɨɥɶɲɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɧɟ ɜɧɨɫɹɳɢɯ ɜ ɚɬɦɨɫɮɟɪɭ 
ɩɟɱɢ ɢɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɪɚɫɩɥɚɜ ɩɨɫɬɨɪɨɧɧɢɯ ɷɥɟɦɟɧɬɨɜ; 
 ɫɨɡɞɚɧɢɟ ɜ ɩɟɱɢ ɜɚɤɭɭɦɚ ɢɥɢ ɡɚɳɢɬɧɨɣ ɚɬɦɨɫɮɟɪɵ ɧɚ ɷɬɚɩɚɯ 
ɧɚɝɪɟɜɚ, ɩɥɚɜɥɟɧɢɹ, ɡɚɥɢɜɤɢ ɦɟɬɚɥɥɚ ɜ ɥɢɬɟɣɧɭɸ ɮɨɪɦɭ, ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɢ 
ɨɯɥɚɠɞɟɧɢɹ ɨɬɥɢɜɤɢ; 
 ɨɬɫɭɬɫɬɜɢɟ ɤɨɧɬɚɤɬɚ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɫ ɷɥɟɦɟɧɬɚɦɢ ɤɨɧɫɬɪɭɤɰɢɢ 
ɩɟɱɢ ɡɚ ɫɱɺɬ ɩɪɢɦɟɧɟɧɢɹ ɝɚɪɧɢɫɚɠɚ – ɫɥɨɹ ɬɜɺɪɞɨɝɨ ɬɢɬɚɧɚ (ɬɨɝɨ ɠɟ 
ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɱɬɨ ɢ ɪɚɫɩɥɚɜ) ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɢɝɥɹ.  
Ƚɚɪɧɢɫɚɠ ɞɨɥɠɟɧ ɨɫɬɚɜɚɬɶɫɹ ɬɜɺɪɞɵɦ (ɧɟ ɞɨɥɠɟɧ ɪɚɫɩɥɚɜɥɹɬɶɫɹ) ɜ 
ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɩɥɚɜɤɢ ɢ ɡɚɳɢɳɚɬɶ ɬɢɝɟɥɶ ɨɬ ɤɨɧɬɚɤɬɚ ɫ ɪɚɫɩɥɚɜɨɦ. 
ȼɫɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɟɱɟɣ ɞɥɹ ɩɥɚɜɤɢ ɫɬɚɥɢ, 
ɱɭɝɭɧɚ, ɦɟɞɧɵɯ, ɚɥɸɦɢɧɢɟɜɵɯ, ɦɚɝɧɢɟɜɵɯ ɢ ɞɪɭɝɢɯ ɫɩɥɚɜɨɜ ɧɟ 
ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɩɟɪɟɱɢɫɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɥɚɜɤɢ ɬɢɬɚɧɨɜɵɯ 
ɫɩɥɚɜɨɜ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɟɱɟɣ.  
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɞɭɝɨɜɵɟ 
ɜɚɤɭɭɦɧɵɟ ɝɚɪɧɢɫɚɠɧɵɟ ɩɟɱɢ. ȼ ɬɚɤɢɯ ɩɟɱɚɯ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɞɭɝɚ ɩɪɹɦɨɝɨ ɞɟɣɫɬɜɢɹ, ɝɨɪɹɳɚɹ ɦɟɠɞɭ 
ɪɚɫɯɨɞɭɟɦɵɦ ɷɥɟɤɬɪɨɞɨɦ ɢ ɪɚɫɩɥɚɜɥɹɟɦɵɦ ɜ ɬɢɝɥɟ ɦɟɬɚɥɥɨɦ, ɚ ɡɚɬɟɦ ɦɟɠɞɭ 
ɷɥɟɤɬɪɨɞɨɦ ɢ ɡɟɪɤɚɥɨɦ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ.  
Ɋɚɫɯɨɞɭɟɦɵɣ ɷɥɟɤɬɪɨɞ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ  ɢɡ ɫɩɥɚɜɚ, ɢɡ ɤɨɬɨɪɨɝɨ ɩɨɬɨɦ 
ɛɭɞɟɬ ɢɡɝɨɬɨɜɥɟɧɚ ɨɬɥɢɜɤɚ. ɉɨɷɬɨɦɭ ɡɚɝɪɹɡɧɟɧɢɟ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ 
ɩɨɫɬɨɪɨɧɧɢɦɢ ɩɪɢɦɟɫɹɦɢ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɫɨɞɟɪɠɚɬɶɫɹ ɜ ɲɢɯɬɟ, 
ɩɪɚɤɬɢɱɟɫɤɢ ɢɫɤɥɸɱɚɟɬɫɹ.  
ɇɚ ɪɢɫ. 13 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɞɭɝɨɜɨɣ ɝɚɪɧɢɫɚɠɧɨɣ ɩɥɚɜɤɢ ɫ 
ɪɚɫɯɨɞɭɟɦɵɦ ɷɥɟɤɬɪɨɞɨɦ. 
ȼ ɝɚɪɧɢɫɚɠɧɨɣ ɩɟɱɢ ɪɚɫɩɥɚɜɥɟɧɧɵɣ ɬɢɬɚɧ ɧɚɯɨɞɢɬɫɹ ɜ ɤɨɧɬɚɤɬɟ ɫɨ 
ɫɥɨɟɦ ɬɜɟɪɞɨɝɨ ɬɢɬɚɧɚ ɬɨɥɳɢɧɨɣ 5—50 ɦɦ, ɧɚɡɵɜɚɟɦɵɦ ɝɚɪɧɢɫɚɠɟɦ ɢ 
ɩɨɫɬɨɹɧɧɨ ɩɨɞɞɟɪɠɢɜɚɟɦɵɦ ɧɚ ɫɬɟɧɤɚɯ ɢ ɞɧɟ ɜɨɞɨɨɯɥɚɠɞɚɟɦɨɝɨ ɬɢɝɥɹ. ɉɪɢ 
ɩɥɚɜɤɟ ɢɫɤɥɸɱɚɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɪɚɫɩɥɚɜɚ ɫ ɚɬɦɨɫɮɟɪɨɣ ɢ ɦɚɬɟɪɢɚɥɨɦ 
ɬɢɝɥɹ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɨɞɧɨɪɨɞɧɨɫɬɶ ɦɟɬɚɥɥɚ ɢ ɩɪɟɞɭɩɪɟɠɞɚɟɬ ɩɨɹɜɥɟɧɢɟ ɜ 
ɨɬɥɢɜɤɟ ɬɭɝɨɩɥɚɜɤɢɯ ɜɤɥɸɱɟɧɢɣ. 
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 Ɋɢɫɭɧɨɤ 13 - ɋɯɟɦɚ ɞɭɝɨɜɨɣ ɝɚɪɧɢɫɚɠɧɨɣ ɩɥɚɜɤɢ ɫ ɪɚɫɯɨɞɭɟɦɵɦ ɷɥɟɤɬɪɨɞɨɦ: 
1 – ɪɚɫɯɨɞɭɟɦɵɣ ɷɥɟɤɬɪɨɞ (ɤɚɬɨɞ); 2 – ɬɢɝɟɥɶ; 3 – ɝɚɪɧɢɫɚɠ; 4 – ɜɚɧɧɚ 
ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ (ɚɧɨɞ); 5 – ɫɢɫɬɟɦɚ ɜɨɞɹɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɬɢɝɥɹ 
 
4.1 ɂɡɝɨɬɨɜɥɟɧɢɟ ɪɚɫɯɨɞɭɟɦɵɯ ɷɥɟɤɬɪɨɞɨɜ.  
 
.  
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ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɫɩɨɫɨɛɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɟɫɫɨɜɚɧɧɵɯ ɬɢɬɚɧɨɜɵɯ 
ɷɥɟɤɬɪɨɞɨɜ ɢɡ ɝɭɛɤɢ: ɩɪɟɫɫɨɜɚɧɢɟɦ ɜ ɝɥɭɯɨɣ ɦɚɬɪɢɰɟ ɢɥɢ ɛɪɢɤɟɬɢɪɨɜɚɧɢɟɦ ɢ 
ɧɟɩɪɟɪɵɜɧɵɦ ɩɪɟɫɫɨɜɚɧɢɟɦ. 
Ʌɭɱɲɢɟ ɷɥɟɤɬɪɨɞɵ ɩɨɥɭɱɚɸɬɫɹ ɦɟɬɨɞɨɦ ɛɪɢɤɟɬɢɪɨɜɚɧɢɹ ɩɪɢ 
ɪɚɫɩɨɥɨɠɟɧɢɢ ɨɫɢ ɷɥɟɤɬɪɨɞɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨ, ɬ. ɟ. ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 
ɩɪɢɥɨɠɟɧɧɨɦɭ ɭɫɢɥɢɸ. ɍɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɩɪɢ ɛɪɢɤɟɬɢɪɨɜɚɧɢɢ ɞɨɥɠɧɨ 
ɫɨɫɬɚɜɥɹɬɶ ɧɟ ɦɟɧɟɟ 1—1,5 ɬ/ɫɦ2 ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ ɷɥɟɤɬɪɨɞɚ. ɉɥɨɬɧɨɫɬɶ 
ɩɨɥɭɱɚɟɦɵɯ ɷɥɟɤɬɪɨɞɨɜ ɫɨɫɬɚɜɥɹɟɬ 3,8—4 ɝ/ɫɦ3. Ɉɞɧɚɤɨ ɷɬɨɬ ɦɟɬɨɞ ɢɦɟɟɬ 
ɨɝɪɚɧɢɱɟɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ, ɬɚɤ ɤɚɤ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɪɭɩɧɵɯ ɫɥɢɬɤɨɜ ɜɟɫɨɦ 
ɫɜɵɲɟ 500 ɤɝ ɬɪɟɛɭɸɬɫɹ ɜɟɪɬɢɤɚɥɶɧɵɟ ɩɪɟɫɫɵ ɨɱɟɧɶ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ. 
ɉɪɟɫɫɨɜɚɧɢɟ ɩɨ ɞɥɢɧɧɨɣ ɨɫɢ ɛɪɢɤɟɬɚ ɞɚɟɬ ɛɪɢɤɟɬɵ ɧɟɪɚɜɧɨɦɟɪɧɨɣ 
ɩɥɨɬɧɨɫɬɢ ɩɨ ɜɵɫɨɬɟ. ɉɪɢɦɟɧɹɟɬɫɹ ɜɬɨɪɨɣ ɦɟɬɨɞ — ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ 
ɧɟɩɪɟɪɵɜɧɨɟ ɩɪɟɫɫɨɜɚɧɢɟ ɧɚ ɜɟɪɬɢɤɚɥɶɧɨɦ ɩɪɟɫɫɟ ɂɡɝɨɬɨɜɥɟɧɢɟ ɛɪɢɤɟɬɨɜ 
ɷɬɢɦ ɦɟɬɨɞɨɦ ɜɟɞɟɬɫɹ ɧɟɩɪɟɪɵɜɧɨ ɢ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɷɥɟɤɬɪɨɞ ɥɸɛɨɣ ɞɥɢɧɵ. 
ɇɚ ɪɢɫ. 14 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɷɥɟɤɬɪɨɞɚ. Ɍɚɤ 
ɤɚɤ ɭɫɢɥɢɟ ɩɪɟɫɫɚ ɩɪɢ ɷɬɨɦ ɦɟɬɨɞɟ ɧɚɩɪɚɜɥɟɧɨ ɩɨ ɨɫɢ ɷɥɟɤɬɪɨɞɚ, ɷɬɨ 
ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɨɱɟɧɶ ɛɨɥɶɲɢɟ ɭɞɟɥɶɧɵɟ ɞɚɜɥɟɧɢɹ — ɞɨ 10—12 ɬ/ɫɦ2, ɢ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɩɪɟɫɫɨɜɚɧɢɹ. ɉɪɨɰɟɫɫ ɜɟɞɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɜ ɦɚɬɪɢɰɭ, ɢɦɟɸɳɭɸ ɧɚ 
ɞɧɟ ɤɨɧɭɫɧɵɣ ɜɵɯɨɞ ɫ ɭɝɥɨɦ ɤɨɧɭɫɧɨɫɬɢ 2° ɢ ɞɥɢɧɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ, 
ɪɚɜɧɨɣ 50 ɦɦ, ɡɚɫɵɩɚɟɬɫɹ ɝɭɛɤɚ. ɉɨɫɥɟɞɧɹɹ ɫɩɪɟɫɫɨɜɵɜɚɟɬɫɹ ɩɪɢ ɡɚɤɪɵɬɨɣ 
ɦɚɬɪɢɰɟ, ɩɨɫɥɟ ɷɬɨɝɨ ɩɪɨɛɤɚ, ɡɚɤɪɵɜɚɸɳɚɹ ɨɬɜɟɪɫɬɢɟ, ɭɞɚɥɹɟɬɫɹ ɢ ɩɪɢ 
ɞɚɥɶɧɟɣɲɟɣ ɞɨɛɚɜɤɟ ɝɭɛɤɢ ɢ ɩɪɟɫɫɨɜɚɧɢɢ ɷɥɟɤɬɪɨɞ ɜɵɯɨɞɢɬ ɜ ɧɢɠɧɸɸ ɱɚɫɬɶ 
ɦɚɬɪɢɰɵ, ɩɪɨɰɟɫɫ ɦɨɠɟɬ ɩɪɨɞɨɥɠɚɬɶɫɹ ɧɟɩɪɟɪɵɜɧɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɷɥɟɤɬɪɨɞɚ 
ɬɪɟɛɭɟɦɨɣ ɞɥɢɧɵ. 
  Ɋɢɫɭɧɨɤ 14 – ɋɯɟɦɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɷɥɟɤɬɪɨɞɚ: 1 – ɩɭɚɧɫɨɧ; 2 – 
ɦɚɬɪɢɰɚ; 3 – ɤɨɪɩɭɫ ɦɚɬɪɢɰɵ; 4 – ɨɛɨɣɦɚ;  5 – ɤɨɪɩɭɫ; 6 – ɧɚɩɪɚɜɥɹɸɳɚɹ. 
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Ⱦɥɹ ɬɚɤɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɵ ɩɪɟɫɫɵ ɦɨɳɧɨɫɬɶɸ ɞɨ 3500 ɬ, 
ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɥɭɱɚɬɶ ɷɥɟɤɬɪɨɞɵ ɞɢɚɦɟɬɪɨɦ ɞɨ 300 ɦɦ ɫ ɭɞɟɥɶɧɵɦ ɜɟɫɨɦ 
3,3—3,4. ɉɪɟɫɫɨɜɚɧɢɟ ɦɨɠɧɨ ɜɟɫɬɢ ɤɚɤ ɧɚ ɜɟɪɬɢɤɚɥɶɧɨɦ, ɬɚɤ ɢ ɧɚ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɩɪɟɫɫɟ. 
ɉɪɢ ɞɭɝɨɜɨɣ ɩɥɚɜɤɟ ɨɫɜɨɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɯɨɞɨɜ ɬɢɬɚɧɨɜɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ (ɫɬɪɭɠɤɢ, ɨɛɪɟɡɤɨɜ ɢ ɬ. ɞ.). Ɉɛɪɟɡɤɢ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ 
ɪɚɫɯɨɞɭɟɦɵɟ ɷɥɟɤɬɪɨɞɵ ɩɭɬɟɦ ɩɪɟɫɫɨɜɚɧɢɹ ɢɥɢ ɩɟɪɟɩɥɚɜɤɨɣ. Ɉɤɢɫɥɟɧɧɵɟ 
ɨɬɯɨɞɵ ɨɛɪɚɛɚɬɵɜɚɸɬ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ HCl ɢ NaF. 
Ʉɨɥɢɱɟɫɬɜɨ ɩɨɞɲɢɯɬɨɜɵɜɚɟɦɵɯ ɤ ɝɭɛɤɟ ɨɬɯɨɞɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɱɟɫɬɜɨɦ 
ɬɪɟɛɭɟɦɨɝɨ ɦɟɬɚɥɥɚ ɢ ɫɨɫɬɚɜɨɦ ɢɫɯɨɞɧɨɣ ɝɭɛɤɢ. 
Ʉɚɱɟɫɬɜɨ ɫɥɢɬɤɨɜ ɞɭɝɨɜɨɣ ɩɥɚɜɤɢ ɡɚɜɢɫɢɬ ɨɬ ɪɟɠɢɦɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ. ɉɪɢɦɟɧɹɟɦɨɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɜɭɤɪɚɬɧɨɟ ɩɥɚɜɥɟɧɢɟ ɭɥɭɱɲɚɟɬ 
ɤɚɱɟɫɬɜɨ, ɨɞɧɚɤɨ ɩɪɨɰɟɫɫ ɞɭɝɨɜɨɣ ɩɥɚɜɤɢ ɧɟ ɜɫɟɝɞɚ ɞɚɟɬ ɨɞɧɨɪɨɞɧɭɸ 
ɫɬɪɭɤɬɭɪɭ ɫɥɢɬɤɚ 
Ʉɨɧɫɬɪɭɤɰɢɢ ɞɭɝɨɜɵɯ ɜɚɤɭɭɦɧɵɯ ɩɟɱɟɣ ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɨɞɢɬɶ ɩɥɚɜɤɭ ɜ 
ɚɬɦɨɫɮɟɪɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ, ɨɞɧɚɤɨ, ɩɥɚɜɤɭ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɨɛɵɱɧɨ 
ɩɪɨɜɨɞɹɬ ɜ ɜɚɤɭɭɦɟ (ɪɚɡɪɹɠɟɧɢɟ 0,13—1,3 ɉɚ), ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɷɬɨɦ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɡɚɳɢɬɚ ɬɢɬɚɧɚ ɨɬ ɩɨɩɚɞɚɧɢɹ ɜ ɧɟɝɨ ɩɪɢɦɟɫɟɣ ɢɡ 
ɨɤɪɭɠɚɸɳɢɣ ɫɪɟɞɵ, ɧɨ ɩɪɨɢɫɯɨɞɢɬ ɢ ɞɟɝɚɡɚɰɢɹ ɦɟɬɚɥɥɚ. 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɪɚɡɥɢɜɤɢ ɦɟɬɚɥɥɚ ɞɭɝɨɜɵɟ ɜɚɤɭɭɦɧɵɟ 
ɝɚɪɧɢɫɚɠɧɵɟ ɩɟɱɢ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ: 
 ɩɟɱɢ ɫ ɪɚɡɥɢɜɤɨɣ ɦɟɬɚɥɥɚ ɩɪɢ ɜɵɤɥɸɱɟɧɧɨɣ ɞɭɝɟ; 
 ɩɟɱɢ ɫ ɪɚɡɥɢɜɤɨɣ ɦɟɬɚɥɥɚ ɢɡ-ɩɨɞ ɝɨɪɹɳɟɣ ɞɭɝɢ; 
 ɩɟɱɢ ɫ ɪɚɡɥɢɜɤɨɣ ɦɟɬɚɥɥɚ ɱɟɪɟɡ ɡɚɬɨɩɥɹɟɦɨɟ ɨɬɜɟɪɫɬɢɟ 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ ɦɟɯɚɧɢɡɚɰɢɢ ɩɟɱɢ ɦɨɝɭɬ ɛɵɬɶ: 
ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ (ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɥɹ ɡɚɥɢɜɤɢ ɦɟɬɚɥɥɚ ɜ ɩɟɱɶ 
ɡɚɝɪɭɠɚɟɬɫɹ ɬɨɥɶɤɨ ɨɞɧɚ ɮɨɪɦɚ), ɩɨɥɭɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ (ɡɚ ɰɢɤɥ 
ɪɚɛɨɬɵ ɩɟɱɢ ɡɚɥɢɜɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɮɨɪɦ) ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ. 
Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɜɚɤɭɭɦɧɨɣ ɩɥɚɜɤɢ ɹɜɥɹɟɬɫɹ ɢɫɩɚɪɟɧɢɟ 
ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢɪɨɞɨɣ 
ɦɚɬɟɪɢɚɥɚ, ɝɥɭɛɢɧɨɣ ɜɚɤɭɭɦɚ. ɂɧɨɝɞɚ ɢɫɩɚɪɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɨɱɢɫɬɢɬɶ 
ɩɟɪɟɩɥɚɜɥɹɟɦɵɣ ɦɚɬɟɪɢɚɥ ɨɬ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ. 
ɇɚɩɪɢɦɟɪ, ɩɪɢ ɩɥɚɜɤɟ ɬɢɬɚɧɚ ɢɫɯɨɞɧɵɦ ɩɪɨɞɭɤɬɨɦ ɹɜɥɹɟɬɫɹ ɬɚɤ 
ɧɚɡɵɜɚɟɦɚɹ ɬɢɬɚɧɨɜɚɹ ɝɭɛɤɚ, ɩɨɥɭɱɢɜɲɚɹ ɧɚɡɜɚɧɢɟ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ 
ɜɧɟɲɧɢɦ ɜɢɞɨɦ ɨɧɚ ɧɚɩɨɦɢɧɚɟɬ ɨɛɵɱɧɭɸ ɝɭɛɤɭ.  
ȼɟɫɶɦɚ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɩɥɚɜɤɢ ɬɢɬɚɧɚ ɩɪɢ ɩɨɦɨɳɢ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɭɱɚ. ɀɢɞɤɚɹ ɜɚɧɧɚ ɫɨɡɞɚɟɬɫɹ ɷɥɟɤɬɪɨɧɧɵɦ ɥɭɱɨɦ ɞɨɫɬɚɬɨɱɧɨ 
ɜɵɫɨɤɨɣ ɦɨɳɧɨɫɬɢ. ɗɬɢɦ ɦɟɬɨɞɨɦ ɩɨɥɭɱɚɸɬ ɦɟɬɚɥɥ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ, 
ɩɨɫɤɨɥɶɤɭ ɢɡ ɬɢɬɚɧɚ ɷɮɮɟɤɬɢɜɧɨ ɭɞɚɥɹɸɬɫɹ ɝɚɡɵ, ɬɚɤɢɟ, ɤɚɤ ɤɢɫɥɨɪɨɞ, 
ɜɨɞɨɪɨɞ, ɚɡɨɬ. Ɉɞɧɚɤɨ ɢɦɟɟɬɫɹ ɟɳɟ ɪɹɞ ɧɟɪɟɲɟɧɧɵɯ ɜɨɩɪɨɫɨɜ, ɤɨɬɨɪɵɟ 
ɡɚɬɪɭɞɧɹɸɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɭɤɚɡɚɧɧɨɝɨ ɦɟɬɨɞɚ. ȼɟɞɭɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɝɚɪɧɢɫɚɠɧɨɣ ɩɥɚɜɤɢ ɬɢɬɚɧɚ (ɡɚɦɟɧɟ ɜɨɞɹɧɨɝɨ 
ɨɯɥɚɠɞɟɧɢɹ ɬɢɝɥɹ ɞɪɭɝɢɦɢ ɯɥɚɞɚɝɟɧɬɚɦɢ), ɚ ɬɚɤɠɟ ɩɨ ɢɡɵɫɤɚɧɢɸ ɫɪɟɞɫɬɜ ɢ 
ɦɟɬɨɞɨɜ ɞɥɹ ɜɬɨɪɢɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɫɥɢɬɤɨɜ ɜ ɩɪɨɰɟɫɫɟ ɥɢɬɶɹ.  
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ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɵɯ ɩɟɱɟɣ ɫɭɳɟɫɬɜɟɧɧɵɦ ɹɜɥɹɟɬɫɹ 
ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɟɪɫɨɧɚɥɚ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɩɥɚɜɤɟ ɬɢɬɚɧɚ. Ʉɪɨɦɟ 
ɦɟɪ ɩɚɫɫɢɜɧɨɣ ɡɚɳɢɬɵ (ɩɨɦɟɳɟɧɢɟ ɩɟɱɢ ɜ ɫɬɚɥɶɧɨɣ, ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɛɨɤɫ ɢ 
ɩɪɢɦɟɧɟɧɢɟ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɞɭɝɨɣ) ɛɨɥɶɲɭɸ ɪɨɥɶ ɢɝɪɚɟɬ 
ɬɚɤɠɟ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɟɠɢɦɚ ɩɟɱɢ ɜ ɱɚɫɬɢ 
ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɞɚɜɥɟɧɢɹ ɢɨɧɢɡɚɰɢɢ ɢ ɛɨɤɨɜɨɣ ɞɭɝɢ, ɚ 
ɬɚɤɠɟ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɨɬɤɥɸɱɟɧɢɹ ɩɟɱɢ ɢ ɜɨɞɨɨɯɥɚɠɞɟɧɢɹ ɜ ɫɥɭɱɚɟ 
ɩɚɞɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɥɢɧɢɢ ɩɨɞɚɱɢ ɜɨɞɵ.  
ɉɥɚɜɤɚ ɜ ɝɚɪɧɢɫɚɠɧɨɣ ɩɟɱɢ ɢɦɟɟɬ ɫɜɨɢ ɨɫɨɛɟɧɧɨɫɬɢ: ɜɨ ɢɡɛɟɠɚɧɢɟ 
ɚɜɚɪɢɢ ɬɨɥɳɢɧɚ ɞɨɧɧɨɝɨ ɝɚɪɧɢɫɚɠɚ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 100 ɦɦ, ɛɨɤɨɜɨɝɨ 
50 ɦɦ [15].  
Ɉɬɟɱɟɫɬɜɟɧɧɵɟ ɡɚɜɨɞɵ ɷɥɟɤɬɪɨɬɟɪɦɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɫɜɨɢɥɢ 
ɫɟɪɢɸ ɩɟɱɟɣ ȼȾɉ. ɗɬɚ ɫɟɪɢɹ ɜɤɥɸɱɚɟɬ ɩɟɱɢ ɬɢɩɨɜ: Ⱦɋȼ — ɞɥɹ ɩɥɚɜɤɢ ɫɬɚɥɢ; 
ȾɌȼ — ɞɥɹ ɩɥɚɜɤɢ ɬɢɬɚɧɚ; ȾȾȼ — ɞɥɹ ɩɥɚɜɤɢ ɦɨɥɢɛɞɟɧɚ ɢ ɞɪɭɝɢɯ 
ɬɭɝɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ; Ⱦɇȼ — ɞɥɹ ɩɥɚɜɤɢ ɧɢɨɛɢɹ. 
ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɞɥɹ ɷɬɢɯ ɬɢɩɨɜ ɩɟɱɟɣ, ɧɚɩɪɢɦɟɪ, ɬɢɩɚ ȾɌȼ-14-
Ƚ26, ɨɡɧɚɱɚɸɬ: Ⱦ — ɞɭɝɨɜɚɹ, Ɍ — ɞɥɹ ɩɥɚɜɤɢ ɬɢɬɚɧɚ, ȼ — ɜɚɤɭɭɦɧɚɹ, 14 — 
ɞɢɚɦɟɬɪ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 1400 ɦɦ, Ƚ — ɫ ɝɥɭɯɢɦ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɦ, 26 — 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɚɫɫɚ ɫɥɢɬɤɚ 26 ɬ; ȾȾȼ-2,5ȼ-0,6: Ⱦ — ɞɭɝɨɜɚɹ, Ⱦ — ɞɥɹ 
ɩɥɚɜɤɢ ɬɭɝɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ, ȼ — ɜɚɤɭɭɦɧɚɹ, 2,5 — ɞɢɚɦɟɬɪ 
ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ 250 ɦɦ, ȼ — ɜɵɬɹɝɢɜɚɧɢɟ ɫɥɢɬɤɚ, 0,6 —ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɚɫɫɚ 
ɫɥɢɬɤɚ 0,6 ɬ [16].  
Ⱦɚɥɟɟ ɜ ɬɚɛɥɢɰɟ 7 ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɺɧɧɵɯ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɵɯ ɩɟɱɟɣ. 
 
Ɍɚɛɥɢɰɚ 7 - Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɩɪɨɫɬɪɚɧɺɧɧɵɯ ɜ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɵɯ ɝɚɪɧɢɫɚɠɧɵɯ ɩɟɱɟɣ. 
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ɉɟɱɢ ɬɢɩɨɜ ȾɌȼ, ȾȾȼ ɢ Ⱦɇȼ ɫɧɚɛɠɚɸɬɫɹ ɜɡɪɵɜɧɵɦɢ ɤɚɦɟɪɚɦɢ. ɉɨ 
ɫɨɜɪɟɦɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ ɩɪɢ ɩɪɨɠɨɝɟ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɩɟɪɟɛɪɨɫɚ ɞɭɝɢ ɧɚ ɟɝɨ ɫɬɟɧɤɭ ɨɯɥɚɠɞɚɸɳɚɹ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɜɨɞɚ ɩɨɩɚɞɚɟɬ ɧɚ 
ɪɚɫɩɥɚɜɥɟɧɧɵɣ ɦɟɬɚɥɥ. ɉɪɢ ɷɬɨɦ ɜɨɞɚ ɥɢɛɨ ɫ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɶɸ 
ɢɫɩɚɪɹɟɬɫɹ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɥɚɜɤɟ ɫɬɚɥɢ, ɥɢɛɨ ɟɳɟ ɱɚɫɬɢɱɧɨ ɪɚɡɥɚɝɚɟɬɫɹ 
ɧɚ ɤɢɫɥɨɪɨɞ ɢ  ɜɨɞɨɪɨɞ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɥɚɜɤɟ ɬɢɬɚɧɚ ɢ ɞɪɭɝɢɯ 
ɜɵɫɨɤɨɪɟɚɤɰɢɨɧɧɵɯ ɦɟɬɚɥɥɨɜ.  
ȼ ɪɚɫɯɨɞɭɟɦɵɟ ɷɥɟɤɬɪɨɞɵ ɩɪɢ ɩɪɟɫɫɨɜɚɧɢɢ ɝɭɛɤɢ ɦɨɠɧɨ ɜɜɨɞɢɬɶ 
ɥɟɝɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɫɩɥɚɜɚ. ȼ ɤɚɱɟɫɬɜɟ ɧɟ 
ɪɚɫɯɨɞɭɟɦɵɯ ɷɥɟɤɬɪɨɞɨɜ ɩɨɥɶɡɭɸɬɫɹ ɩɭɫɬɨɬɟɥɵɦɢ ɦɟɞɧɵɦɢ, ɨɯɥɚɠɞɚɟɦɵɦɢ 
ɜɨɞɨɣ ɷɥɟɤɬɪɨɞɚɦɢ, ɤɨɧɟɰ ɤɨɬɨɪɵɯ ɢɡɝɨɬɨɜɥɟɧ ɢɡ ɜɨɥɶɮɪɚɦɚ. ɗɬɨɬ 
ɬɭɝɨɩɥɚɜɤɢɣ ɦɟɬɚɥɥ ɧɟ ɩɥɚɜɢɬɫɹ ɜ ɡɨɧɟ ɞɭɝɢ, ɧɨ ɜɫɟ ɠɟ ɱɚɫɬɢɱɧɨ ɜɨɥɶɮɪɚɦ 
ɩɨɩɚɞɚɟɬ ɜ ɬɢɬɚɧ, ɢɡɦɟɧɹɹ ɟɝɨ ɫɜɨɣɫɬɜɚ. ɉɥɚɜɤɭ ɜɟɞɭɬ ɧɚ ɜɨɞɨɨɯɥɚɠɞɚɟɦɨɦ 
ɩɭɫɬɨɬɟɥɨɦ ɦɟɞɧɨɦ ɩɨɞɞɨɧɟ ɫ ɬɢɬɚɧɨɜɨɣ ɧɚɫɬɵɥɶɸ. Ɇɟɞɶ ɡɞɟɫɶ ɧɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɬɢɬɚɧɨɦ. ɀɢɞɤɢɣ ɬɢɬɚɧ, ɩɨɩɚɞɚɸɳɢɣ ɧɚ ɩɨɞɞɨɧ, 
ɡɚɬɜɟɪɞɟɜɚɟɬ. Ⱦɚɥɶɧɟɣɲɚɹ ɩɥɚɜɤɚ ɬɢɬɚɧɚ ɜɟɞɟɬɫɹ ɧɚ ɷɬɨɣ ɧɚɫɬɵɥɢ. ɉɨɷɬɨɦɭ 
ɦɟɬɚɥɥ ɩɨɥɭɱɚɟɬɫɹ ɱɢɫɬɵɦ. Ⱦɥɹ ɥɟɝɢɪɨɜɚɧɢɹ ɬɢɬɚɧɚ ɧɚɪɹɞɭ ɫ ɜɜɟɞɟɧɢɟɦ 
ɥɟɝɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɜ ɪɚɫɯɨɞɭɟɦɵɟ ɷɥɟɤɬɪɨɞɵ ɜ ɠɢɞɤɢɣ ɦɟɬɚɥɥ 
ɩɪɢɫɚɠɢɜɚɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɥɢɝɚɬɭɪɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɫɩɥɚɜɵ 
ɬɢɬɚɧɚ ɫ ɥɟɝɢɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ. 
Ɍɢɝɥɢ ɝɚɪɧɢɫɚɠɧɵɯ ɩɟɱɟɣ ɢɡɝɨɬɨɜɥɹɸɬ ɢɡ ɦɟɬɚɥɥɚ ɢɥɢ ɝɪɚɮɢɬɚ. 
Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɬɢɝɥɢ (ɢɡ ɦɟɞɢ ɢɥɢ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ) ɫɧɚɛɠɚɸɬ ɦɨɳɧɵɦ 
ɨɯɥɚɠɞɟɧɢɟɦ. Ƚɪɚɮɢɬɨɜɵɟ ɬɢɝɥɢ ɩɨɦɟɳɚɸɬ ɜ ɨɛɨɣɦɭ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ, 
ɨɯɥɚɠɞɚɟɦɭɸ ɜɨɞɨɣ.   
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5 ɉɥɚɜɤɚ ɦɟɬɚɥɥɚ ɢ ɡɚɥɢɜɤɚ ɮɨɪɦ   
 
ɉɨɞɝɨɬɨɜɤɚ ɲɢɯɬɵ. ȼ ɤɚɱɟɫɬɜɟ ɲɢɯɬɵ ɞɥɹ ɩɥɚɜɤɢ ɜ ɞɭɝɨɜɵɯ ɜɚɤɭɭɦɧɵɯ 
ɝɚɪɧɢɫɚɠɧɵɯ ɩɟɱɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɫɯɨɞɭɟɦɵɟ ɷɥɟɤɬɪɨɞɵ (ɧɚɩɪɢɦɟɪ, ɦɚɪɨɤ 
ɗɌ3, ɗɌ5, ȼɌ1-00 ɢ ɞɪ.), ɩɨɥɭɱɚɟɦɵɟ ɩɟɪɟɩɥɚɜɤɨɣ ɩɪɟɫɫɨɜɚɧɧɵɯ ɢɡ ɝɭɛɤɢ 
ɛɪɢɤɟɬɨɜ ɢɥɢ ɲɬɚɛɢɤɨɜ ɜ ɨɛɵɱɧɵɯ ɞɭɝɨɜɵɯ ɜɚɤɭɭɦɧɵɯ ɩɟɱɚɯ, ɚ ɬɚɤɠɟ 
ɨɱɢɳɟɧɧɵɯ ɥɢɬɟɣɧɵɯ ɨɬɯɨɞɨɜ. 
ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɷɥɟɤɬɪɨɞɨɜ ɞɨɥɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɯɢɦɢɱɟɫɤɨɦɭ 
ɫɨɫɬɚɜɭ ɢɡɝɨɬɚɜɥɢɜɚɟɦɨɣ ɨɬɥɢɜɤɢ. ȼ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɞɭɝɨɜɵɯ ɝɚɪɧɢɫɚɠɧɵɯ 
ɩɟɱɚɯ ɩɪɢɦɟɧɹɸɬɫɹ ɪɚɫɯɨɞɭɟɦɵɟ ɷɥɟɤɬɪɨɞɵ ɞɢɚɦɟɬɪɚɦɢ 280, 350, 420, 470 ɢ 
520 ɦɦ. ɇɚɢɥɭɱɲɟɟ ɫɨɨɬɧɨɲɟɧɢɟ ɞɢɚɦɟɬɪɚ ɷɥɟɤɬɪɨɞɚ ɤ ɞɢɚɦɟɬɪɭ ɬɢɝɥɹ 
ɫɨɫɬɚɜɥɹɟɬ 0,5 (ɧɚɩɪɢɦɟɪ, ɞɥɹ ɬɢɝɥɹ ɫ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ 460 ɦɦ ɧɭɠɟɧ 
ɪɚɫɯɨɞɭɟɦɵɣ ɷɥɟɤɬɪɨɞ ɞɢɚɦɟɬɪɨɦ 280 ɦɦ). Ɍɚɤɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɫɨɯɪɚɧɧɨɫɬɶ ɝɚɪɧɢɫɚɠɚ ɢ ɩɨɥɭɱɟɧɢɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɦɟɬɚɥɥɚ (ɟɫɥɢ ɞɢɚɦɟɬɪ 
ɷɥɟɤɬɪɨɞɚ ɛɭɞɟɬ ɫɥɢɲɤɨɦ ɛɨɥɶɲɢɦ, ɬɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɪɢɫɤ ɩɟɪɟɛɪɨɫɚ ɞɭɝɢ ɧɚ 
ɫɬɟɧɤɭ ɬɢɝɥɹ, ɟɫɥɢ ɫɥɢɲɤɨɦ ɦɚɥɵɦ, ɬɨ ɬɪɭɞɧɨ ɛɭɞɟɬ ɨɛɟɫɩɟɱɢɬɶ 
ɧɟɨɛɯɨɞɢɦɵɣ ɩɟɪɟɝɪɟɜ ɪɚɫɩɥɚɜɚ). 
ɉɨɜɟɪɯɧɨɫɬɶ ɷɥɟɤɬɪɨɞɨɜ ɞɨɥɠɧɚ ɛɵɬɶ ɬɳɚɬɟɥɶɧɨ ɨɱɢɳɟɧɚ ɨɬ ɜɨɡɝɨɧɨɜ 
ɢ ɞɪɭɝɢɯ ɡɚɝɪɹɡɧɟɧɢɣ (ɦɚɫɥɚ ɢ ɬ.ɩ.). Ʉ ɬɨɦɭ ɠɟ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ 
ɷɥɟɤɬɪɨɞɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɢɥɶɧɨ ɧɚɫɵɳɟɧ ɝɚɡɚɦɢ, ɤɨɬɨɪɵɟ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ 
ɩɟɪɟɩɥɚɜɟ ɦɨɝɭɬ ɩɨɩɚɫɬɶ ɜ ɦɟɬɚɥɥ ɨɬɥɢɜɤɢ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɱɚɫɬɨ ɷɥɟɤɬɪɨɞɵ 
ɩɨɫɬɚɜɥɹɸɬ ɜ ɜɢɞɟ ɨɛɬɨɱɟɧɧɵɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɡɚɝɨɬɨɜɨɤ. Ʌɢɬɟɣɧɵɟ ɨɬɯɨɞɵ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɭɫɤɨɜɭɸ ɲɢɯɬɭ (ɥɢɬɧɢɤɢ, ɩɪɢɛɵɥɢ, ɰɟɧɬɪɚɥɶɧɵɟ 
ɫɬɨɹɤɢ ɢ ɬ.ɞ.). Ⱦɨɥɹ ɨɬɯɨɞɨɜ ɜ ɛɚɥɚɧɫɟ ɦɟɬɚɥɥɚ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɬɥɢɜɨɤ 
ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 80 %, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɟɬ ɫɬɨɢɦɨɫɬɶ ɥɢɬɶɹ. 
ɇɚɢɛɨɥɶɲɭɸ ɞɨɥɸ (ɨɤɨɥɨ 75 – 80%) ɜ ɨɛɳɟɦ ɛɚɥɚɧɫɟ ɥɢɬɟɣɧɵɯ 
ɨɬɯɨɞɨɜ ɰɟɯɚ ɫɨɫɬɚɜɥɹɸɬ ɰɟɧɬɪɚɥɶɧɵɟ ɫɬɨɹɤɢ, ɥɢɬɧɢɤɢ ɢ ɩɪɢɛɵɥɢ. Ȼɪɚɤ 
ɨɬɥɢɜɨɤ ɫɨɫɬɚɜɥɹɟɬ 3 – 5%. Ʉ ɥɢɬɟɣɧɵɦ ɨɬɯɨɞɚɦ ɬɚɤɠɟ ɨɬɧɨɫɹɬɫɹ ɧɚɫɬɵɥɶ ɜ 
ɦɟɬɚɥɥɨɩɪɢɺɦɧɢɤɚɯ ɢ ɡɚɥɢɜɨɱɧɵɯ ɥɨɬɤɚɯ, ɚ ɬɚɤɠɟ ɝɚɪɧɢɫɚɠ ɜɵɲɟɞɲɢɯ ɢɡ 
ɫɬɪɨɹ ɬɢɝɥɟɣ (ɢɯ ɫɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɨɫɬɚɜɥɹɟɬ 13 – 15%). ɋɬɪɭɠɤɚ ɩɨɫɥɟ 
ɩɟɪɜɢɱɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɬɥɢɜɨɤ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 2%. 
ȼɫɟ ɥɢɬɟɣɧɵɟ ɨɬɯɨɞɵ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɩɨ ɫɬɟɩɟɧɢ ɡɚɝɪɹɡɧɺɧɧɨɫɬɢ 
ɤɥɚɫɫɢɮɢɰɢɪɭɸɬ ɧɚ ɫɨɪɬɨɜɵɟ ɢ ɧɟɫɨɪɬɨɜɵɟ.  
ɋɨɪɬɨɜɵɟ ɨɬɯɨɞɵ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɨɬɯɨɞɵ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɫɨɪɬɚ. Ʉ 
ɨɬɯɨɞɚɦ ɩɟɪɜɨɝɨ ɫɨɪɬɚ ɨɬɧɨɫɹɬɫɹ ɷɥɟɦɟɧɬɵ ɥɢɬɧɢɤɨɜɵɯ ɫɢɫɬɟɦ ɢ ɩɪɢɛɵɥɟɣ, 
ɧɚɫɬɵɥɶ ɜ ɦɟɬɚɥɥɨɩɪɢɺɦɧɢɤɚɯ ɢ ɡɚɥɢɜɨɱɧɵɯ ɥɨɬɤɚɯ, ɛɪɚɤɨɜɚɧɧɵɟ ɩɨ 
ɝɟɨɦɟɬɪɢɢ ɢ ɪɟɧɬɝɟɧɨɤɨɧɬɪɨɥɸ (ɧɨ ɧɟ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ) ɨɬɥɢɜɤɢ. 
Ʉɨ ɜɬɨɪɨɦɭ ɫɨɪɬɭ ɨɬɧɨɫɹɬɫɹ ɨɬɥɢɜɤɢ, ɡɚɛɪɚɤɨɜɚɧɧɵɟ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ 
ɫɨɫɬɚɜɭ, ɢ ɨɬɯɨɞɵ, ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɩɪɢ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɟ. 
ɇɟɫɨɪɬɨɜɵɦɢ ɨɬɯɨɞɚɦɢ ɫɱɢɬɚɸɬ ɫɤɪɚɩ ɜ ɩɟɱɢ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ 
ɝɚɪɧɢɫɚɠɵ, ɫɬɪɭɠɤɭ ɨɬ ɱɟɪɧɨɜɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɬɥɢɜɨɤ, ɚ ɬɚɤɠɟ 
ɦɟɥɤɨɤɭɫɤɨɜɵɟ ɨɬɯɨɞɵ, ɩɟɪɟɩɭɬɚɧɧɵɟ ɩɨ ɦɚɪɤɚɦ ɫɩɥɚɜɨɜ. 
Ɋɟɝɟɧɟɪɚɰɢɹ ɧɟɫɨɪɬɨɜɵɯ ɨɬɯɨɞɨɜ ɨɱɟɧɶ ɬɪɭɞɨɺɦɤɚ ɢ ɞɥɢɬɟɥɶɧɚ, 
ɩɨɷɬɨɦɭ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɮɚɫɨɧɧɵɯ ɨɬɥɢɜɨɤ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɨɥɶɤɨ ɫɨɪɬɨɜɵɟ ɨɬɯɨɞɵ. 
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ɍ ɫɨɪɬɨɜɵɯ ɨɬɯɨɞɨɜ ɡɚɝɪɹɡɧɺɧ ɩɨɫɬɨɪɨɧɧɢɦɢ ɩɪɢɦɟɫɹɦɢ (ɚɡɨɬ, 
ɭɝɥɟɪɨɞ, ɤɢɫɥɨɪɨɞ, ɜɨɞɨɪɨɞ) ɜ ɨɫɧɨɜɧɨɦ ɬɨɧɤɢɣ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ 
ɝɥɭɛɢɧɨɣ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 0,5 – 0,8 ɦɦ. ɉɪɢ ɪɟɡɤɟ ɢ ɢɡɦɟɥɶɱɟɧɢɢ ɨɬɯɨɞɨɜ 
ɩɪɨɢɫɯɨɞɢɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɦɟɬɚɥɥɚ ɜ ɦɟɫɬɚɯ ɪɟɡɚ. ɇɚɩɪɢɦɟɪ, ɜ 
ɡɨɧɟ ɚɰɟɬɢɥɟɧɨɤɢɫɥɨɪɨɞɧɨɝɨ ɪɟɡɚ ɨɛɪɚɡɭɸɬɫɹ ɪɚɡɥɢɱɧɨɝɨ ɜɢɞɚ ɫɨɟɞɢɧɟɧɢɹ 
ɬɢɬɚɧɚ ɫ ɤɢɫɥɨɪɨɞɨɦ, ɚɡɨɬɨɦ, ɭɝɥɟɪɨɞɨɦ ɢ ɜɨɞɨɪɨɞɨɦ. Ɍɨɥɳɢɧɚ 
ɝɚɡɨɧɚɫɵɳɟɧɧɨɝɨ ɫɥɨɹ ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɟɡɤɢ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 0,1 – 
0,15 ɦɦ. 
ɉɪɢ ɚɧɨɞɧɨ-ɦɟɯɚɧɢɱɟɫɤɨɣ ɪɟɡɤɟ ɩɨɜɟɪɯɧɨɫɬɶ ɦɟɬɚɥɥɚ ɧɚɫɵɳɚɟɬɫɹ 
ɩɪɨɞɭɤɬɚɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɫ ɚɬɦɨɫɮɟɪɧɵɦɢ ɝɚɡɚɦɢ 
ɧɚ ɝɥɭɛɢɧɭ ɞɨ 0,2 ɦɦ ɢ ɛɨɥɟɟ. 
ɋ ɰɟɥɶɸ ɭɞɚɥɟɧɢɹ ɨɫɬɚɬɤɨɜ ɦɚɬɟɪɢɚɥɚ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ ɫ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɨɪɬɨɜɵɯ ɨɬɯɨɞɨɜ, ɚ ɬɚɤɠɟ ɭɞɚɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɡɚɝɪɹɡɧɺɧɧɨɝɨ ɫɥɨɹ 
ɩɪɢɦɟɧɹɸɬ ɦɟɯɚɧɢɱɟɫɤɭɸ ɢ ɯɢɦɢɱɟɫɤɭɸ ɨɱɢɫɬɤɭ.  
ɉɟɪɟɞ ɨɱɢɫɬɤɨɣ ɨɬɯɨɞɵ ɢɡɦɟɥɶɱɚɸɬ ɞɨ ɪɚɡɦɟɪɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɢɯ 
ɤɨɦɩɚɤɬɧɭɸ ɭɤɥɚɞɤɭ ɩɪɢ ɩɟɪɟɩɥɚɜɟ. 
Ɇɟɯɚɧɢɱɟɫɤɭɸ ɨɱɢɫɬɤɭ ɩɪɨɢɡɜɨɞɹɬ ɜ ɝɚɥɬɨɜɨɱɧɵɯ ɢ ɞɪɨɛɟɦɺɬɧɵɯ 
ɛɚɪɚɛɚɧɚɯ, ɜ ɞɪɨɛɟɦɺɬɧɵɯ ɢ ɞɪɨɛɟɫɬɪɭɣɧɵɯ ɤɚɦɟɪɚɯ. Ⱦɪɨɛɟɫɬɪɭɣɧɚɹ ɢɥɢ 
ɞɪɨɛɟɦɺɬɧɚɹ ɨɛɪɚɛɨɬɤɚ ɨɱɢɳɚɟɬ ɥɢɬɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɬɢɬɚɧɨɜɵɯ ɨɬɯɨɞɨɜ 
ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ, ɱɟɦ ɝɚɥɬɨɜɤɚ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɱɢɫɬɤɢ ɨɬɯɨɞɨɜ ɧɚ 
ɝɥɭɛɢɧɭ ɨɤɨɥɨ 0,1 ɦɦ ɜ ɝɚɥɬɨɜɨɱɧɵɯ ɛɚɪɚɛɚɧɚɯ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 8 ɞɨ 10 ɱ. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɬɚɤɨɣ ɠɟ ɨɱɢɫɬɤɢ ɜ ɞɪɨɛɟɦɺɬɧɵɯ ɛɚɪɚɛɚɧɚɯ ɢ ɜ 
ɞɪɨɛɟɫɬɪɭɣɧɵɯ ɤɚɦɟɪɚɯ ɫɨɫɬɚɜɥɹɟɬ 1 – 1,5 ɱ. Ƚɚɥɬɨɜɤɨɣ, ɞɪɨɛɟɦɺɬɧɨɣ ɢ 
ɞɪɨɛɟɫɬɪɭɣɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɱɢɳɚɸɬɫɹ ɡɚɤɪɵɬɵɟ ɢ 
ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɬɚɤɢɟ ɭɱɚɫɬɤɢ ɨɬɯɨɞɨɜ ɭɞɚɥɹɸɬɫɹ 
ɪɟɡɤɨɣ ɢɥɢ ɡɚɱɢɳɚɸɬɫɹ ɧɚ ɧɚɠɞɚɱɧɵɯ ɤɪɭɝɚɯ. 
ɉɨɫɥɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ ɩɪɨɢɡɜɨɞɹɬ ɨɛɪɚɛɨɬɤɭ ɨɤɢɫɥɟɧɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɺɜ ɨɬɯɨɞɨɜ ɪɚɫɬɜɨɪɚɦɢ NaOH (600 – 650 ɝ/ɥ); NaNO3 (200 
– 250 ɝ/ɥ) ɢ  NaNO2 (50 – 60 ɝ/ɥ) ɢɥɢ NaOH (500 – 700 ɝ/ɥ) ɢ NaNO2 (150 – 
250 ɝ/ɥ). Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɫɬɜɨɪɚ ≈ 140 °ɋ, ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɨɬ 30 ɦɢɧ ɞɨ 2 ɱ. 
Ɂɚɬɟɦ ɨɬɯɨɞɵ ɩɪɨɦɵɜɚɸɬ ɜ ɬɺɩɥɨɣ ɢ ɯɨɥɨɞɧɨɣ ɜɨɞɟ ɢ ɬɪɚɜɹɬ ɜ 
ɤɢɫɥɨɬɧɨɦ ɪɚɫɬɜɨɪɟ ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ: S4OH2 (60 – 70 ɦɥ/ɥ; ɩɥɨɬɧɨɫɬɶ 1,84 ɝ/ɫɦ3) ɢ HF (60 – 140 ɦɥ/ɥ; ɩɥɨɬɧɨɫɬɶ 1,13 ɝ/ɫɦ3). Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɫɬɜɨɪɚ ≈ 20 
°ɋ. ɋɤɨɪɨɫɬɶ ɬɪɚɜɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 0,2 – 0,5 ɦɦ/ɱ. Ɉɱɢɳɟɧɧɵɟ ɨɬɯɨɞɵ 
ɩɪɨɦɵɜɚɸɬ ɜ ɯɨɥɨɞɧɨɣ ɜɨɞɟ ɢ ɫɭɲɚɬ ɩɪɢ 110 – 150 °ɋ. 
ɏɢɦɢɱɟɫɤɢɦ ɬɪɚɜɥɟɧɢɟɦ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɬɢɬɚɧɨɜɵɯ ɨɬɯɨɞɨɜ ɭɞɚɥɹɟɬɫɹ 
ɧɚɥɺɬ ɠɟɥɟɡɚ ɢ ɚɛɪɚɡɢɜɚ. Ɉɬɯɨɞɵ ɩɨɫɥɟ ɬɪɚɜɥɟɧɢɹ ɩɪɢɨɛɪɟɬɚɸɬ ɯɚɪɚɤɬɟɪɧɵɣ 
ɫɟɪɟɛɪɢɫɬɵɣ ɰɜɟɬ. Ɉɬɯɨɞɵ ɜ ɲɢɯɬɭ ɦɨɝɭɬ ɜɜɨɞɢɬɶɫɹ ɥɢɛɨ ɡɚɝɪɭɡɤɨɣ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɬɢɝɟɥɶ ɩɟɪɟɞ ɩɥɚɜɤɨɣ, ɥɢɛɨ ɜ ɜɢɞɟ ɡɚɪɚɧɟɟ ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɞɚ. Ɋɚɫɯɨɞɭɟɦɵɟ ɷɥɟɤɬɪɨɞɵ ɢɡ ɨɞɧɢɯ ɨɬɯɨɞɨɜ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɫɜɚɪɤɨɣ 
ɜ ɫɪɟɞɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ, ɭɤɥɚɞɵɜɚɹ ɤɭɫɤɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɨɥɭɱɟɧɧɵɣ 
ɷɥɟɤɬɪɨɞ ɢɦɟɥ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɛɨɥɟɟ ɢɥɢ ɦɟɧɟɟ ɩɪɚɜɢɥɶɧɭɸ 
ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɮɨɪɦɭ. ɋɜɚɪɧɵɟ ɲɜɵ ɜɵɩɨɥɧɹɸɬ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ 
ɫɟɱɟɧɢɹ ɜɨ ɢɡɛɟɠɚɧɢɟ ɪɚɡɪɭɲɟɧɢɹ ɷɥɟɤɬɪɨɞɚ ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɜɤɢ. 
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ɋɯɟɦɚ ɞɭɝɨɜɨɣ ɜɚɤɭɭɦɧɨɣ ɝɚɪɧɢɫɚɠɧɨɣ ɩɟɱɢ «ɇɟɜɚ-4» ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɪɢɫɭɧɤɟ 15. ɉɟɪɟɞ ɤɚɠɞɨɣ ɧɨɜɨɣ ɩɥɚɜɤɨɣ ɩɨɞɝɨɬɨɜɤɭ ɩɟɱɢ ɩɪɨɢɡɜɨɞɹɬ ɜ 
ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ: ɩɪɨɜɟɪɹɟɬɫɹ ɢɫɩɪɚɜɧɨɫɬɶ ɜɫɟɯ ɦɟɯɚɧɢɡɦɨɜ ɢ ɫɢɫɬɟɦ 
ɩɟɱɢ (ɜɚɤɭɭɦɧɨɣ ɫɢɫɬɟɦɵ, ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ, ɰɟɧɬɪɨɛɟɠɧɨɣ 
ɦɚɲɢɧɵ ɢ ɬ.ɩ.), ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɱɢɫɬɤɚ ɜɧɭɬɪɟɧɧɢɯ ɷɥɟɦɟɧɬɨɜ ɩɟɱɢ ɨɬ ɩɵɥɢ ɢ 
ɤɨɧɞɟɧɫɚɬɨɜ ɫ ɩɨɦɨɳɶɸ ɩɵɥɟɫɨɫɚ. ɍɡɟɥ ɬɢɝɥɹ, ɬɪɚɜɟɪɫɭ, ɞɟɪɠɚɜɤɭ, ɜɫɟ 
ɪɟɡɢɧɨɜɵɟ ɭɩɥɨɬɧɟɧɢɹ ɱɟɪɟɡ ɤɚɠɞɵɟ 10 ɩɥɚɜɨɤ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɬɢɪɚɬɶ ɛɹɡɶɸ, 
ɫɦɨɱɟɧɧɨɣ ɜ ɫɩɢɪɬɟ ɢɥɢ ɚɜɢɚɰɢɨɧɧɨɦ ɛɟɧɡɢɧɟ Ȼ-70. 
 
    Ɋɢɫɭɧɨɤ 15 - ɋɯɟɦɚ ɞɭɝɨɜɨɣ ɜɚɤɭɭɦɧɨɣ ɝɚɪɧɢɫɚɠɧɨɣ ɩɟɱɢ «ɇɟɜɚ-4»: 
1 – ɮɨɪɦɚ 2 – ɡɚɥɢɜɨɱɧɚɹ ɤɚɦɟɪɚ; 3 – ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɤɨɪɩɭɫ;  
4 – ɦɟɯɚɧɢɡɦ ɧɚɤɥɨɧɚ ɬɢɝɥɹ;  5 – ɩɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ ɩɟɱɢ;  
6 – ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɟ ɬɨɤɨɩɪɨɜɨɞɵ;  7 – ɫɦɨɬɪɨɜɨɟ ɨɤɧɨ;  
8 – ɪɺɛɪɚ ɠɺɫɬɤɨɫɬɢ; 9 – ɦɟɯɚɧɢɡɦ ɩɟɪɟɦɟɳɟɧɢɹ ɷɥɟɤɬɪɨɞɚ;  
10  – ɜɚɤɭɭɦɧɚɹ ɫɢɫɬɟɦɚ ɫ ɧɚɫɨɫɚɦɢ; 11 – ɥɸɤɢ ɞɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɜɧɭɬɪɟɧɧɢɯ 
ɭɡɥɨɜ ɩɟɱɢ; 12 - ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɩɨɜɨɪɨɬɧɵɣ ɬɢɝɟɥɶ. 
 
Ɇɟɞɧɵɣ ɬɢɝɟɥɶ (ɝɪɚɮɢɬɨɜɨɣ ɜɫɬɚɜɤɢ) ɞɥɹ ɩɥɚɜɤɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, 
ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 16.  
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Ɋɢɫɭɧɨɤ 16 – Ɇɟɞɧɵɣ ɬɢɝɟɥɶ (ɝɪɚɮɢɬɨɜɨɣ ɜɫɬɚɜɤɢ) ɞɥɹ ɩɥɚɜɤɢ ɬɢɬɚɧɨɜɵɯ 
ɫɩɥɚɜɨɜ 
ɋɨɫɬɨɹɧɢɟ ɩɥɚɜɢɥɶɧɨɝɨ ɬɢɝɥɹ ɬɳɚɬɟɥɶɧɨ ɩɪɨɜɟɪɹɟɬɫɹ. Ɍɢɝɟɥɶ ɩɨɞɥɟɠɢɬ 
ɡɚɦɟɧɟ ɜ ɫɥɭɱɚɟ ɩɨɹɜɥɟɧɢɹ ɜ ɧɺɦ ɬɪɟɳɢɧ, ɱɪɟɡɦɟɪɧɨɝɨ ɭɬɨɥɳɟɧɢɹ ɢɥɢ 
ɨɤɢɫɥɟɧɢɹ ɝɚɪɧɢɫɚɠɚ. Ɋɚɡɪɭɲɟɧɢɟ ɝɪɚɮɢɬɨɜɨɣ ɜɫɬɚɜɤɢ ɩɪɨɢɫɯɨɞɢɬ ɜ 
ɨɫɧɨɜɧɨɦ ɢɡ-ɡɚ ɧɟɛɪɟɠɧɨɣ ɡɚɝɪɭɡɤɢ ɪɚɫɯɨɞɭɟɦɵɯ ɷɥɟɤɬɪɨɞɨɜ ɜ ɬɢɝɟɥɶ, ɚ 
ɬɚɤɠɟ ɬɟɩɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɢ ɩɥɚɜɤɟ ɢ ɪɚɡɥɢɜɤɟ ɦɟɬɚɥɥɚ. ɇɨɜɵɣ 
ɝɪɚɮɢɬɨɜɵɣ ɬɢɝɟɥɶ ɩɟɪɟɞ ɭɫɬɚɧɨɜɤɨɣ ɜ ɩɟɱɶ ɫɭɲɚɬ ɜ ɬɟɪɦɨɫɬɚɬɟ ɢɥɢ ɩɟɱɚɯ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 200 – 250 °ɋ ɜ ɬɟɱɟɧɢɟ 8 – 10 ɱ. ȼ ɤɨɪɩɭɫ ɩɥɚɜɢɥɶɧɨɝɨ ɭɡɥɚ 
ɬɢɝɟɥɶ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɫ ɡɚɡɨɪɨɦ 3 – 6 ɦɦ ɧɚ ɫɬɨɪɨɧɭ, ɡɚɡɨɪ ɩɥɨɬɧɨ ɡɚɩɨɥɧɹɸɬ 
ɝɪɚɮɢɬɨɜɨɣ ɤɪɨɲɤɨɣ ɡɟɪɧɢɫɬɨɫɬɶɸ 0,3 – 2,0 ɦɦ. 
Ɇɟɬɚɥɥ ɝɚɪɧɢɫɚɠɚ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɞɨɥɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 
ɫɩɥɚɜɭ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɩɥɚɜɢɬɶɫɹ ɜ ɬɢɝɥɟ. Ⱦɥɹ ɧɚɜɟɞɟɧɢɹ ɝɚɪɧɢɫɚɠɚ ɧɚ ɞɧɨ 
ɬɢɝɥɹ ɭɤɥɚɞɵɜɚɸɬ ɨɱɢɳɟɧɧɵɟ ɤɭɫɤɨɜɵɟ ɨɬɯɨɞɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɫɩɥɚɜɚ, 
ɤɨɬɨɪɵɟ ɨɩɥɚɜɥɹɸɬ ɪɚɫɯɨɞɭɟɦɵɦ ɷɥɟɤɬɪɨɞɨɦ. ɑɟɪɟɡ 20 – 30 ɦɢɧ ɜ ɬɢɝɥɟ 
ɩɪɨɢɡɜɨɞɹɬ ɩɥɚɜɤɭ ɞɥɹ ɧɚɜɟɞɟɧɢɹ ɝɚɪɧɢɫɚɠɚ, ɦɟɬɚɥɥ ɤɨɬɨɪɨɣ ɫɥɢɜɚɸɬ ɜ 
ɢɡɥɨɠɧɢɰɭ. ɇɚɦɨɪɨɠɟɧɧɵɣ ɧɚ ɫɬɟɧɤɢ ɢ ɞɧɨ ɬɢɝɥɹ ɦɟɬɚɥɥ ɨɛɪɚɡɭɟɬ 
ɪɚɜɧɨɦɟɪɧɵɣ ɩɟɪɜɢɱɧɵɣ ɝɚɪɧɢɫɚɠ, ɬɨɥɳɢɧɨɣ ɩɪɢɦɟɪɧɨ 15 ɦɦ, ɢ ɩɥɚɜɧɵɣ 
ɩɟɪɟɯɨɞ ɤ ɞɨɧɧɨɦɭ ɝɚɪɧɢɫɚɠɭ. ɇɨɪɦɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɞɨɧɧɨɝɨ ɝɚɪɧɢɫɚɠɚ 
ɫɨɫɬɚɜɥɹɟɬ ɞɥɹ ɩɟɱɢ ɈɄȻ-956 30-40 ɦɦ, ɩɟɱɢ ɈɄȻ-935 – 30-60 ɦɦ, ɩɟɱɢ 
«ɇɟɜɚ-4» – 60-90 ɦɦ.  
ɉɨɞ ɜɥɢɹɧɢɟɦ ɫɥɟɞɭɸɳɢɯ ɩɥɚɜɨɤ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɮɨɪɦɵ 
ɝɪɚɧɢɫɚɠɚ ɡɚ ɫɱɺɬ ɭɜɟɥɢɱɟɧɢɹ ɬɨɥɳɢɧɵ ɞɨɧɧɨɣ ɱɚɫɬɢ (ɞɨɧɧɚɹ ɱɚɫɬɶ 
ɝɚɪɧɢɫɚɠɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞ ɤɨɧɭɫɨɨɛɪɚɡɧɨɣ ɥɭɧɤɢ). ɉɨɫɥɟɞɭɸɳɢɟ ɩɥɚɜɤɢ 
ɩɪɢɜɨɞɹɬ ɤ ɪɚɜɧɨɦɟɪɧɨɦɭ ɧɚɪɚɫɬɚɧɢɸ ɝɚɪɧɢɫɚɠɚ. ɉɪɢ ɩɪɚɜɢɥɶɧɨɦ 
ɫɨɛɥɸɞɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɥɚɜɤɢ ɬɨɥɳɢɧɚ ɞɨɧɧɨɝɨ ɝɚɪɧɢɫɚɠɚ ɡɚ ɨɞɧɭ ɩɥɚɜɤɭ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɛɵɱɧɨ ɧɚ 10 – 15 ɦɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɟɪɟɡ 10 – 12 ɩɥɚɜɨɤ 
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ɨɛɴɺɦ ɬɢɝɥɹ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚɫɬɨɥɶɤɨ, ɱɬɨ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɨɩɥɚɜɥɟɧɢɹ ɦɟɬɚɥɥɚ ɝɚɪɧɢɫɚɠɚ. 
ɋɥɢɜ ɦɟɬɚɥɥɚ ɜ ɮɨɪɦɭ ɩɪɨɢɡɜɨɞɢɬɫɹ ɱɟɪɟɡ ɝɪɚɮɢɬɨɜɵɣ ɧɨɫɨɤ ɬɢɝɥɹ, 
ɢɦɟɸɳɢɣ ɮɨɪɦɭ ɭɫɟɱɺɧɧɨɝɨ ɤɨɧɭɫɚ (ɪɢɫ.17). 
Ɋɟɤɨɦɟɧɞɭɟɦɵɟ ɪɚɡɦɟɪɵ ɫɥɢɜɧɵɯ ɧɨɫɤɨɜ ɬɢɝɥɟɣ ɞɥɹ ɧɟɤɨɬɨɪɵɯ 
ɞɭɝɨɜɵɯ ɜɚɤɭɭɦɧɵɯ ɝɚɪɧɢɫɚɠɧɵɯ ɩɟɱɟɣ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥ. 8. 
 
 
Ɋɢɫɭɧɨɤ 17 - Ƚɪɚɮɢɬɨɜɵɣ ɧɨɫɨɤ ɬɢɝɥɹ ɞɥɹ ɫɥɢɜɚ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɢɡ 
ɩɟɱɢ 
 
Ɍɚɛɥɢɰɚ 8 - Ɋɟɤɨɦɟɧɞɭɟɦɵɟ ɪɚɡɦɟɪɵ ɫɥɢɜɧɵɯ ɧɨɫɤɨɜ ɬɢɝɥɟɣ 
 
 
 
ɉɨɫɥɟ ɩɟɪɜɨɣ ɪɚɡɥɢɜɤɢ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɧɚ ɠɟɥɨɛɟ ɧɨɫɤɚ ɨɛɪɚɡɭɟɬɫɹ 
ɬɨɧɤɚɹ ɤɨɪɤɚ ɦɟɬɚɥɥɚ, ɤɨɬɨɪɚɹ ɩɪɨɝɪɟɫɫɢɜɧɨ ɭɜɟɥɢɱɢɜɚɸɳɢɟɫɹ ɩɪɢ 
ɩɨɫɥɟɞɭɸɳɢɯ ɫɥɢɜɚɯ. ɉɪɢɦɟɪɧɨ ɱɟɪɟɡ ɞɟɫɹɬɶ ɩɥɚɜɨɤ ɧɨɫɨɤ ɩɨɥɧɨɫɬɶɸ 
ɡɚɪɚɫɬɚɟɬ ɦɟɬɚɥɥɨɦ ɢ ɩɨɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɟɝɨ ɨɱɢɫɬɤɢ. 
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Ⱦɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɦɟɫɬɧɵɯ ɧɚɩɥɵɜɨɜ ɢ ɱɢɫɬɤɢ ɧɨɫɤɚ ɩɪɨɜɨɞɹɬ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɩɥɚɜɤɢ ɝɪɚɮɢɬɨɜɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ ɪɚɡɥɢɱɧɨɣ 
ɤɨɧɮɢɝɭɪɚɰɢɢ (ɪɢɫ. 18). Ɉɩɥɚɜɥɟɧɢɟ ɞɨɧɧɨɝɨ ɝɚɪɧɢɫɚɠɚ ɬɢɝɥɹ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɩɪɹɦɵɦ ɝɪɚɮɢɬɨɜɵɦ ɷɥɟɤɬɪɨɞɨɦ (ɪɢɫ. 18,ɚ). Ɍɨɪɟɰ ɷɥɟɤɬɪɨɞɚ ɢɦɟɟɬ 
ɫɤɪɭɝɥɺɧɧɭɸ ɮɨɪɦɭ, ɧɚ ɞɪɭɝɨɦ ɬɨɪɰɟ ɫɞɟɥɚɧɚ ɪɟɡɶɛɨɜɚɹ ɧɚɪɟɡɤɚ ɞɥɹ 
ɤɪɟɩɥɟɧɢɹ ɟɝɨ ɤ ɬɪɚɜɟɪɫɟ. ȿɫɥɢ ɨɛɴɺɦ ɬɢɝɥɹ ɩɨɫɥɟ ɩɟɪɜɨɝɨ ɨɩɥɚɜɥɟɧɢɹ 
ɧɟɞɨɫɬɚɬɨɱɟɧ, ɩɪɨɰɟɫɫ ɩɨɜɬɨɪɹɸɬ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɷɬɨɬ ɨɛɴɺɦ ɧɟ ɭɜɟɥɢɱɢɬɫɹ 
ɞɨ ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ. 
Ɉɱɟɧɶ ɱɚɫɬɨ ɝɚɪɧɢɫɚɠ ɬɢɝɥɹ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɢɦɟɟɬ ɭɬɨɥɳɟɧɢɟ ɩɨ ɜɫɟɦɭ 
ɩɟɪɢɦɟɬɪɭ. ɂɧɨɝɞɚ ɷɬɨ ɭɬɨɥɳɟɧɢɟ ɧɚɫɬɨɥɶɤɨ ɜɟɥɢɤɨ, ɱɬɨ ɪɚɫɯɨɞɭɟɦɵɣ 
ɷɥɟɤɬɪɨɞ ɧɟɜɨɡɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɜ ɬɢɝɟɥɶ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɩɥɚɜɥɟɧɢɢ ɫɬɟɧɨɤ 
ɝɚɪɧɢɫɚɠɚ ɩɪɨɢɡɜɨɞɹɬ ɮɢɝɭɪɧɵɦ ɝɪɚɮɢɬɨɜɵɦ ɷɥɟɤɬɪɨɞɨɦ, ɢɦɟɸɳɢɦ ɮɨɪɦɭ 
ɝɪɢɛɚ (ɪɢɫ. 18,ɛ).  
Ɇɟɠɞɭ ɮɢɝɭɪɧɵɦ ɝɪɚɮɢɬɨɜɵɦ ɷɥɟɤɬɪɨɞɨɦ ɢ ɜɵɫɬɭɩɚɦɢ ɝɚɪɧɢɫɚɠɚ 
ɡɚɠɢɝɚɸɬ ɞɭɝɭ, ɤɨɬɨɪɚɹ ɪɚɫɩɥɚɜɥɹɟɬ ɩɨɹɫɨɤ ɝɚɪɧɢɫɚɠɚ. ɀɢɞɤɢɣ ɦɟɬɚɥɥ 
ɫɬɟɤɚɟɬ ɧɚ ɞɧɨ ɬɢɝɥɹ. Ɂɚɬɟɦ ɮɢɝɭɪɧɵɣ ɝɪɚɮɢɬɨɜɵɣ ɷɥɟɤɬɪɨɞ ɨɩɭɫɤɚɸɬ ɝɥɭɛɠɟ 
ɜ ɬɢɝɟɥɶ ɢ ɨɩɥɚɜɥɹɸɬ ɜɫɟ ɜɵɫɬɭɩɵ ɝɚɪɧɢɫɚɠɚ. ɉɨɫɥɟ ɨɩɟɪɚɰɢɢ ɨɩɥɚɜɥɟɧɢɹ 
ɛɨɤɨɜɨɝɨ ɝɚɪɧɢɫɚɠɚ ɫɥɟɞɭɟɬ ɨɩɥɚɜɢɬɶ ɞɨɧɧɵɣ ɝɚɪɧɢɫɚɠ ɩɪɹɦɵɦ ɝɪɚɮɢɬɨɜɵɦ 
ɷɥɟɤɬɪɨɞɨɦ. 
 
 
 
Ɋɢɫɭɧɨɤ 18 – Ƚɪɚɮɢɬɨɜɵɟ ɷɥɟɤɬɪɨɞɵ ɪɚɡɥɢɱɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ: 
ɚ – ɩɪɹɦɨɣ ɷɥɟɤɬɪɨɞ; ɛ – ɷɥɟɤɬɪɨɞ ɞɥɹ ɨɩɥɚɜɥɟɧɢɹ ɫɬɟɧɨɤ ɝɚɪɧɢɫɚɠɚ; 
ɜ– ɷɥɟɤɬɪɨɞ ɞɥɹ ɨɩɥɚɜɥɟɧɢɹ ɦɟɬɚɥɥɚ ɜ ɡɚɥɢɜɨɱɧɨɦ ɧɨɫɤɟ 
 
Ɉɩɥɚɜɥɟɧɢɟ ɦɟɬɚɥɥɚ, ɧɚɦɟɪɡɲɟɝɨ ɧɚ ɧɨɫɨɤ ɬɢɝɥɹ, ɩɪɨɢɡɜɨɞɹɬ 
ɫɩɟɰɢɚɥɶɧɵɦ ɝɪɚɮɢɬɨɜɵɦ ɷɥɟɤɬɪɨɞɨɦ, ɢɦɟɸɳɢɦ ɧɚɤɥɨɧɧɭɸ 
ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɱɚɫɬɶ ɩɨ ɮɨɪɦɟ ɧɨɫɤɚ (ɪɢɫ. 18,ɜ). Ɍɢɝɟɥɶ ɧɚɤɥɨɧɹɸɬ ɜ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ, ɧɚ ɞɧɨ ɡɚɥɢɜɨɱɧɨɣ ɤɚɦɟɪɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬ 
ɝɪɚɮɢɬɨɜɭɸ ɢɥɢ ɫɬɚɥɶɧɭɸ ɢɡɥɨɠɧɢɰɭ ɢ ɡɚɠɢɝɚɸɬ ɞɭɝɭ ɦɟɠɞɭ ɷɥɟɤɬɪɨɞɨɦ ɢ 
ɧɚɫɬɵɥɶɸ ɧɨɫɤɚ. Ɇɟɬɚɥɥ ɩɥɚɜɢɬɫɹ ɢ ɫɬɟɤɚɟɬ ɜ ɢɡɥɨɠɧɢɰɭ. 
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ȼ ɬɢɝɟɥɶ ɦɨɠɧɨ ɬɚɤɠɟ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɝɚɪɧɢɫɚɠ, ɡɚɪɚɧɟɟ ɨɬɥɢɬɵɣ ɜ 
ɫɩɟɰɢɚɥɶɧɭɸ ɢɡɥɨɠɧɢɰɭ. 
ɉɨɫɥɟ ɩɪɨɜɟɪɤɢ ɬɢɝɟɥɶɧɨɝɨ ɭɡɥɚ ɩɪɢɫɬɭɩɚɸɬ ɤ ɩɪɢɜɚɪɤɟ ɪɚɫɯɨɞɭɟɦɨɝɨ 
ɷɥɟɤɬɪɨɞɚ. ɉɪɢɜɚɪɤɭ ɷɥɟɤɬɪɨɞɚ ɤ ɨɝɚɪɤɭ ɩɪɨɢɡɜɨɞɹɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 
Ɋɚɫɯɨɞɭɟɦɵɣ ɷɥɟɤɬɪɨɞ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɜ ɬɢɝɟɥɶ ɜɟɪɬɢɤɚɥɶɧɨ. ȼɨ ɢɡɛɟɠɚɧɢɟ 
ɩɟɪɟɛɪɨɫɚ ɞɭɝɢ ɧɚ ɫɬɟɧɤɭ ɛɨɤɨɜɨɝɨ ɝɚɪɧɢɫɚɠɚ ɞɨɩɭɫɤɚɟɦɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ 
ɨɫɟɜɨɣ ɥɢɧɢɢ ɬɢɝɥɹ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɛɨɥɶɲɟ 10 ɦɦ. 
ɉɨɫɥɟ ɜɤɥɸɱɟɧɢɹ ɩɢɬɚɧɢɹ ɩɟɱɢ ɨɝɚɪɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ 
ɦɟɞɥɟɧɧɨ ɨɩɭɫɤɚɸɬ ɤ ɜɟɪɯɧɟɦɭ ɬɨɪɰɭ ɪɚɫɯɨɞɭɟɦɨɝɨ ɷɥɟɤɬɪɨɞɚ ɞɨ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɞɭɝɨɜɨɝɨ ɪɚɡɪɹɞɚ.  
ȿɫɥɢ ɷɥɟɤɬɪɨɞ ɩɥɨɯɨ ɩɪɢɜɚɪɟɧ ɤ ɨɝɚɪɤɭ, ɬɨ ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɜɤɢ ɨɧ ɦɨɠɟɬ 
ɨɬɨɪɜɚɬɶɫɹ ɢ ɭɩɚɫɬɶ ɜ ɠɢɞɤɭɸ ɜɚɧɧɭ. Ⱦɚɥɟɟ ɜ ɡɚɥɢɜɨɱɧɭɸ ɤɚɦɟɪɭ ɩɟɱɢ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɨɩɨɤɭ (ɤɨɧɬɟɣɧɟɪ) ɫ ɮɨɪɦɚɦɢ. Ɏɨɪɦɵ, ɡɚɥɢɜɚɟɦɵɟ 
ɰɟɧɬɪɨɛɟɠɧɵɦ ɫɩɨɫɨɛɨɦ, ɰɟɧɬɪɢɪɭɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 
ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɜɨɪɨɧɤɢ ɢ ɡɚɤɪɟɩɥɹɸɬ ɧɚ ɫɬɨɥɟ ɰɟɧɬɪɨɛɟɠɧɨɣ ɭɫɬɚɧɨɜɤɢ. 
ɉɟɱɶ ɝɟɪɦɟɬɢɡɢɪɭɸɬ ɢ ɩɪɨɢɡɜɨɞɹɬ ɟɺ ɜɚɤɭɭɦɢɪɨɜɚɧɢɟ. 
ɉɥɚɜɥɟɧɢɟ ɦɟɬɚɥɥɚ ɩɪɨɢɡɜɨɞɹɬ ɩɨ ɪɟɠɢɦɚɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɞɥɹ 
ɤɨɧɤɪɟɬɧɨɣ ɩɟɱɢ. ȼ ɬɚɛɥɢɰɟ 9 ɩɪɢɜɟɞɟɧ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ, ɪɟɠɢɦ ɩɥɚɜɤɢ 
ɞɥɹ ɩɟɱɢ «ɇɟɜɚ-4». 
 
Ɍɚɛɥɢɰɚ 9 – Ɋɟɠɢɦ ɩɥɚɜɤɢ ɧɚ ɩɟɱɢ «ɇɟɜɚ – 4» 
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Ɋɟɠɢɦɵ ɩɥɚɜɤɢ ɦɨɝɭɬ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɨɹɧɢɹ 
ɝɚɪɧɢɫɚɠɚ, ɞɢɚɦɟɬɪɚ ɪɚɫɯɨɞɭɟɦɨɝɨ ɷɥɟɤɬɪɨɞɚ, ɤɨɥɢɱɟɫɬɜɚ ɜɵɩɥɚɜɥɹɟɦɨɝɨ 
ɦɟɬɚɥɥɚ ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ. ȼ ɩɪɨɰɟɫɫɟ ɩɥɚɜɤɢ ɩɥɚɜɢɥɶɳɢɤ ɫɥɟɞɢɬ (ɚ ɩɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɟɝɭɥɢɪɭɟɬ) ɩɨ ɩɨɤɚɡɚɧɢɹɦ ɩɪɢɛɨɪɨɜ ɡɚ ɫɥɟɞɭɸɳɢɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ ɪɚɛɨɬɵ ɩɟɱɢ: 
 ɜɟɥɢɱɢɧɨɣ ɫɢɥɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɭɝɢ; 
 ɜɟɥɢɱɢɧɨɣ ɫɢɥɵ ɬɨɤɚ ɫɨɥɟɧɨɢɞɚ; 
 ɜɟɥɢɱɢɧɨɣ ɪɚɡɪɟɠɟɧɢɹ ɜ ɩɟɱɢ; 
 ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɞɵ (ɨɯɥɚɠɞɟɧɢɟ ɬɢɝɥɹ); 
 ɫɜɟɬɨɜɨɣ ɫɢɝɧɚɥɢɡɚɰɢɟɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣ ɧɨɪɦɚɥɶɧɭɸ ɪɚɛɨɬɭ 
ɨɫɧɨɜɧɵɯ ɭɡɥɨɜ ɩɟɱɢ. 
ȼɨ ɜɪɟɦɹ ɩɥɚɜɤɢ ɧɟɨɛɯɨɞɢɦɨ ɬɳɚɬɟɥɶɧɨ ɫɥɟɞɢɬɶ ɡɚ ɫɨɯɪɚɧɧɨɫɬɶɸ 
ɛɨɤɨɜɨɝɨ ɢ ɞɨɧɧɨɝɨ ɝɚɪɧɢɫɚɠɚ, ɧɚɛɥɸɞɚɬɶ ɡɚ ɩɪɨɰɟɫɫɨɦ ɝɨɪɟɧɢɹ ɞɭɝɢ ɞɥɹ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢ ɩɟɪɟɛɪɨɫɚ ɞɭɝɢ ɧɚ ɫɬɟɧɤɢ ɬɢɝɥɹ. 
ȿɫɥɢ ɦɟɬɚɥɥ ɧɚɱɢɧɚɟɬ ɪɚɡɦɵɜɚɬɶ ɛɨɤɨɜɨɣ ɝɚɪɧɢɫɚɠ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɜɢɡɭɚɥɶɧɨ ɢɥɢ ɩɪɢ ɩɨɦɨɳɢ ɬɟɪɦɨɩɚɪ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɝɪɚɮɢɬɨɜɨɣ 
ɨɛɥɢɰɨɜɤɟ ɬɢɝɥɹ, ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɱɚɫɬɨɬɭ ɩɟɪɟɤɥɸɱɟɧɢɣ ɩɨɥɹɪɧɨɫɬɢ 
ɬɨɤɚ ɫɨɥɟɧɨɢɞɚ ɢ ɫɢɥɭ ɬɨɤɚ ɫɨɥɟɧɨɢɞɚ. ȿɫɥɢ ɷɬɨɝɨ ɧɟɞɨɫɬɚɬɨɱɧɨ, ɫɥɟɞɭɟɬ 
ɭɦɟɧɶɲɢɬɶ ɫɢɥɭ ɬɨɤɚ ɞɭɝɢ. ȼ ɫɥɭɱɚɟ ɩɟɪɟɛɪɨɫɚ ɞɭɝɢ ɧɚ ɤɨɧɫɬɪɭɤɰɢɸ ɭɡɥɚ 
ɬɢɝɥɹ ɢɥɢ ɤɨɪɩɭɫ ɩɟɱɢ ɞɭɝɭ ɧɟɨɛɯɨɞɢɦɨ ɩɨɝɚɫɢɬɶ, ɚ ɡɚɬɟɦ ɡɚɠɟɱɶ ɜɧɨɜɶ. ɇɚ 
ɪɢɫɭɧɤɟ 19 ɩɨɤɚɡɚɧ ɜɢɡɭɚɥɶɧɵɣ ɤɨɧɬɪɨɥɶ ɧɚɞ ɯɨɞɨɦ ɩɥɚɜɤɢ. 
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Ʉɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɬɢɝɥɟ ɨɩɪɟɞɟɥɹɸɬ ɜɢɡɭɚɥɶɧɨ ɢɥɢ ɩɨ 
ɜɪɟɦɟɧɢ ɩɥɚɜɥɟɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ-ɜɪɟɦɹ ɧɟɬ ɩɪɢɛɨɪɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɬɨɱɧɨ 
ɨɩɪɟɞɟɥɹɬɶ ɨɛɴɺɦ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɩɟɪɟɞ ɫɥɢɜɨɦ ɜ ɮɨɪɦɭ, ɩɨɷɬɨɦɭ 
ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɜ ɨɫɧɨɜɧɨɦ ɡɚɜɢɫɢɬ ɨɬ 
ɦɚɫɬɟɪɫɬɜɚ ɩɥɚɜɢɥɶɳɢɤɚ. Ɉɲɢɛɤɚ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɜɟɫɚ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ 
ɩɪɢɜɨɞɢɬ ɥɢɛɨ ɤ ɞɟɮɟɤɬɚɦ ɜ ɨɬɥɢɜɤɚɯ ɢɡ-ɡɚ ɧɟɩɨɥɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɮɨɪɦɵ, 
ɥɢɛɨ ɤ ɩɟɪɟɪɚɫɯɨɞɭ ɦɟɬɚɥɥɚ. 
ɉɨɥɟɡɧɵɣ ɜɵɯɨɞ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɩɪɢ ɩɥɚɜɤɟ ɜ ɝɚɪɧɢɫɚɠɧɨɦ 
ɜɨɞɨɨɯɥɚɠɞɚɟɦɨɦ ɬɢɝɥɟ ɡɚɜɢɫɢɬ ɨɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɥɚɜɤɢ: ɱɟɦ 
ɛɨɥɶɲɟ ɫɢɥɚ ɬɨɤɚ ɞɭɝɢ, ɬɟɦ ɛɵɫɬɪɟɟ ɩɪɨɜɨɞɢɬɫɹ ɩɥɚɜɤɚ, ɢ ɬɟɦ ɛɨɥɶɲɟ 
ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɜ ɬɢɝɥɟ. ɉɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɫɢɥɟ ɬɨɤɚ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɥɚɜɤɢ ɩɨɥɭɱɢɬɫɹ ɥɢɲɶ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɝɨ 
ɦɟɬɚɥɥɚ, ɩɨɫɤɨɥɶɤɭ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɪɚɫɩɥɚɜɥɹɟɦɨɝɨ ɦɟɬɚɥɥɚ ɛɭɞɟɬ ɡɚɫɬɵɜɚɬɶ 
ɧɚ ɞɧɟ ɬɢɝɥɹ. ȼ ɦɨɞɢɮɢɰɢɪɭɟɦɵɟ ɫɩɥɚɜɵ ɡɚ 1 – 2 ɦɢɧ ɞɨ ɪɚɡɥɢɜɤɢ ɫ 
ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɜɨɞɹɬ ɦɨɞɢɮɢɤɚɬɨɪ (ɛɨɪ, ɤɚɪɛɢɞ ɛɨɪɚ). 
Ʉɨɥɢɱɟɫɬɜɨ ɦɨɞɢɮɢɤɚɬɨɪɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɩɥɚɜɥɹɟɦɨɣ 
ɦɚɫɫɵ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ. 
ɉɟɪɟɞ ɡɚɥɢɜɤɨɣ ɦɟɬɚɥɥɚ ɜ ɮɨɪɦɵ ɬɨɤ ɫɨɥɟɧɨɢɞɚ ɜɵɤɥɸɱɚɸɬ. Ɇɟɬɚɥɥ ɢɡ 
ɩɟɱɢ «ɇɟɜɚ-4» ɪɚɡɥɢɜɚɸɬ ɛɟɡ ɨɬɤɥɸɱɟɧɢɹ ɞɭɝɢ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɩɨɝɪɭɠɟɧɢɹ ɷɥɟɤɬɪɨɞɚ ɜ ɠɢɞɤɢɣ ɦɟɬɚɥɥ ɩɪɢ ɩɨɜɨɪɨɬɟ ɬɢɝɥɹ ɟɝɨ 
ɩɪɢɩɨɞɧɢɦɚɸɬ. ɉɟɪɟɞ ɫɥɢɜɨɦ ɩɨɫɥɟɞɧɢɯ ɩɨɪɰɢɣ ɦɟɬɚɥɥɚ ɞɭɝɭ ɝɚɫɹɬ. ɉɨ 
ɨɤɨɧɱɚɧɢɢ ɡɚɥɢɜɤɢ ɬɢɝɟɥɶ ɦɟɞɥɟɧɧɨ ɜɨɡɜɪɚɳɚɸɬ ɜ ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ. 
Ɂɚɥɢɜɤɭ ɮɨɪɦ ɩɪɨɜɨɞɹɬ, ɧɟ ɩɪɟɪɵɜɚɹ ɫɬɪɭɢ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɡɚɥɢɜɤɢ ɡɚɜɢɫɢɬ ɨɬ ɦɚɫɫɵ ɡɚɥɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ, 
ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ ɨɬɥɢɜɤɢ, ɫɩɨɫɨɛɚ ɩɨɞɜɨɞɚ ɦɟɬɚɥɥɚ ɜ ɮɨɪɦɭ 
ɢ ɬ.ɞ. 
ɉɨɫɥɟ ɡɚɥɢɜɤɢ ɮɨɪɦ ɜ ɬɟɱɟɧɢɟ 5 – 10 ɦɢɧ ɢɡ ɩɟɱɢ ɨɬɤɚɱɢɜɚɸɬ ɝɚɡɵ, 
ɜɵɞɟɥɹɸɳɢɟɫɹ ɢɡ ɮɨɪɦɵ, ɡɚɬɟɦ ɩɟɪɟɤɪɵɜɚɸɬ ɜɚɤɭɭɦɧɭɸ ɫɢɫɬɟɦɭ ɢ ɞɥɹ 
ɭɫɤɨɪɟɧɢɹ ɨɯɥɚɠɞɟɧɢɹ ɨɬɥɢɜɨɤ ɢ ɬɢɝɥɹ ɜ ɩɟɱɶ ɩɨɞɚɸɬ ɢɧɟɪɬɧɵɣ ɝɚɡ (ɝɟɥɢɣ 
ɢɥɢ ɚɪɝɨɧ) ɞɨ ɞɚɜɥɟɧɢɹ 2 – 4 ɤɉɚ. 
ɉɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɨɬɥɢɜɨɤ (ɜ ɩɟɱɢ «ɇɟɜɚ-4» ɜ ɬɟɱɟɧɢɟ 2,0 – 3,0 ɱ) ɜ 
ɩɟɱɶ ɜɜɨɞɹɬ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ, ɪɚɫɤɪɵɜɚɸɬ ɟɺ, ɜɵɝɪɭɠɚɸɬ ɡɚɥɢɬɵɟ ɮɨɪɦɵ 
ɢ ɩɪɢɫɬɭɩɚɸɬ ɤ ɩɨɞɝɨɬɨɜɤɟ ɩɟɱɢ ɤ ɫɥɟɞɭɸɳɟɣ ɩɥɚɜɤɟ. ɉɪɢ ɞɥɢɬɟɥɶɧɨɦ 
ɩɟɪɟɪɵɜɟ ɦɟɠɞɭ ɩɥɚɜɤɚɦɢ (ɛɨɥɟɟ 8 ɱ) ɩɟɱɶ ɝɟɪɦɟɬɢɡɢɪɭɟɬɫɹ ɢ ɜɚɤɭɭɦɢɪɭɟɬɫɹ. 
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6 Ɏɨɪɦɨɜɨɱɧɵɟ ɫɦɟɫɢ ɢ ɫɜɹɡɭɸщɢɟ ɦɚɬɟɪɢɚɥɵ 
 
Ʌɢɬɟɣɧɵɟ ɮɨɪɦɵ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɨɛɵɱɧɨ ɩɪɢɦɟɧɹɟɦɵɯ 
ɨɝɧɟɭɩɨɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɬɥɢɜɨɤ 
ɢɡ ɬɢɬɚɧɚ ɩɨ ɨɬɦɟɱɟɧɧɵɦ ɪɚɧɟɟ ɩɪɢɱɢɧɚɦ. ɒɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɭɱɢɥɢ 
ɝɪɚɮɢɬɨɜɵɟ ɮɨɪɦɵ. ɂɯ ɢɡɝɨɬɨɜɥɹɸɬ ɢɡ ɫɦɟɫɟɣ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ ɜ 
ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɝɪɚɮɢɬ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɫɜɹɡɭɸɳɟɝɨ — ɫɦɨɥɵ, ɩɟɤɢ. ɋɦɟɫɢ 
ɭɩɥɨɬɧɹɸɬ ɧɚ ɜɫɬɪɹɯɢɜɚɸɳɢɯ ɢɥɢ ɩɪɟɫɫɨɜɵɯ ɦɚɲɢɧɚɯ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 0,2—
0,8 Ɇɉɚ. ɂɡɝɨɬɨɜɥɟɧɧɵɟ ɮɨɪɦɵ ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ ɧɚ ɜɨɡɞɭɯɟ ɨɬ 8 ɱ ɞɨ 3 ɫɭɬɨɤ 
ɩɨɞɜɟɪɝɚɸɬ ɫɭɲɤɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 120°ɋ ɢ ɨɛɠɢɝɭ ɜ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ 
ɚɬɦɨɫɮɟɪɟ ɩɪɢ 700—980 °ɋ ɜ ɬɟɱɟɧɢɟ 1—24 ɱ. ɉɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɫɜɹɡɭɸɳɟɟ ɤɨɤɫɭɟɬɫɹ ɢ ɢɡ ɮɨɪɦɵ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɭɞɚɥɹɸɬɫɹ ɜɫɟ 
ɥɟɬɭɱɢɟ ɜɟɳɟɫɬɜɚ. 
ɉɪɢɦɟɧɹɸɬɫɹ ɢ ɨɛɨɥɨɱɤɨɜɵɟ ɝɪɚɮɢɬɨɜɵɟ ɮɨɪɦɵ ɫ 
ɮɟɧɨɥɨɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ ɫɦɨɥɨɣ ɜ ɤɚɱɟɫɬɜɟ ɫɜɹɡɭɸɳɟɝɨ. Ɇɟɥɤɢɟ ɫɥɨɠɧɵɟ 
ɬɨɧɤɨɫɬɟɧɧɵɟ ɨɬɥɢɜɤɢ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɩɨɥɭɱɚɸɬ ɜ ɧɟɪɚɡɴɟɦɧɵɯ 
ɮɨɪɦɚɯ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ. ȼ ɫɨɫɬɚɜ ɫɭɫɩɟɧɡɢɢ 
ɜɯɨɞɢɬ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɣ ɝɪɚɮɢɬɨɜɵɣ ɩɨɪɨɲɨɤ ɢ ɫɜɹɡɭɸɳɟɟ ɧɚ ɨɫɧɨɜɟ 
ɮɟɧɨɥɨɮɨɪɦɚɥɶɞɟɝɢɞɧɵɯ ɫɦɨɥ, ɜ ɤɚɱɟɫɬɜɟ ɨɛɫɵɩɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ — 
ɡɟɪɧɢɫɬɵɣ ɝɪɚɮɢɬ.  
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɩɪɨɰɟɫɫɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ ɧɚ 
ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɛɵɱɧɵɯ ɨɝɧɟɭɩɨɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (Al2O3, MgO) ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɡɚɳɢɬɧɵɯ ɭɝɥɟɪɨɞɧɵɯ, ɤɚɪɛɢɞɧɵɯ ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ, 
ɩɨɜɵɲɚɸɳɢɯ ɢɧɟɪɬɧɨɫɬɶ ɮɨɪɦ ɤ ɪɚɫɩɥɚɜɥɟɧɧɨɦɭ ɬɢɬɚɧɭ ɢ ɟɝɨ ɫɩɥɚɜɚɦ. 
ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɮɨɪɦ ɩɪɢ ɥɢɬɶɟ ɬɢɬɚɧɚ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɬɭɝɨɩɥɚɜɤɢɟ ɨɤɢɫɥɵ (ɦɚɝɧɟɡɢɬ, ɷɥɟɤɬɪɨɤɨɪɭɧɞ, ɞɜɭɨɤɢɫɶ ɰɢɪɤɨɧɢɹ), ɝɪɚɮɢɬ, 
ɤɨɤɫ ɢɥɢ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ (ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɬɚɥɶ). ɋɜɹɡɭɸɳɢɦ 
ɫɥɭɠɚɬ ɷɬɢɥɫɢɥɢɤɚɬ, ɠɢɞɤɨɟ ɫɬɟɤɥɨ ɢ ɪɚɡɦɹɝɱɟɧɧɵɟ ɫɦɨɥɵ.  
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɨɬɥɢɜɨɤ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɚ ɬɚɤɠɟ ɨɬɥɢɜɨɤ, 
ɢɦɟɸɳɢɯ ɡɧɚɱɢɬɟɥɶɧɵɟ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɢɫɩɨɥɶɡɭɸɬ ɮɨɪɦɵ, ɫɨɛɪɚɧɧɵɟ 
ɢɡ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɫɬɟɪɠɧɟɣ). ɋɬɟɪɠɧɢ ɢɡɝɨɬɨɜɥɹɸɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 
ɩɭɬɟɦ ɩɨɫɥɨɣɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ (ɧɚɛɢɜɤɢ) ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ ɜ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢɥɢ ɞɟɪɟɜɹɧɧɵɯ ɹɳɢɤɚɯ. ɇɚɢɛɨɥɶɲɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɮɨɪɦ ɩɪɟɫɫɨɜɚɧɢɟɦ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɞɟɬɚɥɟɣ 
ɨɬɥɢɜɨɤ ɧɟɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫ ɨɬɧɨɲɟɧɢɟɦ ɢɯ ɜɵɫɨɬɵ ɤ 
ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɪɚɡɦɟɪɭ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɧɟ ɛɨɥɟɟ 0,8. Ɉɛɵɱɧɨ 
ɬɚɤɢɟ ɨɬɥɢɜɤɢ ɩɨɥɭɱɚɸɬ ɜ ɞɜɭɯ ɩɨɥɭɮɨɪɦɚɯ ɫ ɞɜɭɦɹ (ɧɟ ɛɨɥɟɟ) ɫɬɟɪɠɧɹɦɢ. 
ɉɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ ɩɪɟɫɫɨɜɚɧɢɟɦ ɢɦɟɟɬ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɜɫɬɪɹɯɢɜɚɧɢɟɦ ɢ ɪɭɱɧɨɣ ɧɚɛɢɜɤɨɣ. Ɉɧ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ 
ɱɢɫɬɨɬɭ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɭɜɟɥɢɱɢɬɶ ɩɪɨɱɧɨɫɬɶ ɮɨɪɦ, ɱɬɨ ɜɚɠɧɨ ɩɪɢ 
ɰɟɧɬɪɨɛɟɠɧɨɦ ɫɩɨɫɨɛɟ ɥɢɬɶɹ ɨɬɥɢɜɨɤ. ȼɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ 
ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɢɟ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ - ɯɚɪɚɤɬɟɪɧɵɟ 
ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɰɟɫɫɚ.  
ɉɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɭɩɥɨɬɧɹɟɦɵɯ ɮɨɪɦɨɜɨɱɧɵɯ ɫɦɟɫɟɣ ɜɤɥɸɱɚɟɬ 
ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ: 
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1) ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɩɨɪɨɲɤɚ ɝɪɚɮɢɬɚ ɢ ɟɝɨ ɪɚɫɫɟɜ ɧɚ ɮɪɚɤɰɢɢ; 
2) ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɫɜɹɡɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɢ ɞɪɭɝɢɯ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ; 
3) ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɝɪɚɮɢɬɨɜɨɝɨ ɩɨɪɨɲɤɚ ɜ ɛɟɝɭɧɚɯ (ɫɦɟɫɢɬɟɥɹɯ) ɢ 
ɜɜɟɞɟɧɢɟ ɫɜɹɡɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ; 
4) ɤɨɧɬɪɨɥɶ ɫɜɨɣɫɬɜ ɫɦɟɫɢ ɜ ɫɵɪɨɦ ɫɨɫɬɨɹɧɢɢ; 
5) ɜɵɥɟɠɢɜɚɧɢɟ ɫɦɟɫɟɣ ɝɨɪɹɱɟɝɨ ɨɬɜɟɪɠɞɟɧɢɹ (ɫɦɟɫɢ ɯɨɥɨɞɧɨɝɨ 
ɨɬɜɟɪɠɞɟɧɢɹ ɩɨɞɚɸɬɫɹ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ ɮɨɪɦɨɜɤɭ) [17].  
ɋɦɟɫɢ ɝɨɪɹɱɟɝɨ ɨɬɜɟɪɠɞɟɧɢɹ ɩɨɫɥɟ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɧɚɩɪɚɜɥɹɸɬɫɹ ɥɢɛɨ 
ɧɚ ɮɨɪɦɨɜɤɭ (ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɜɵɥɟɠɢɜɚɧɢɟɦ 1-3ɱ), ɥɢɛɨ ɜ ɡɚɤɪɵɬɵɣ 
ɛɭɧɤɟɪ, ɝɞɟ ɨɧɢ ɦɨɝɭɬ ɯɪɚɧɢɬɶɫɹ ɜ ɬɟɱɟɧɢɟ 1-3 ɫɭɬɨɤ. Ɏɨɪɦɵ ɢ ɫɬɟɪɠɧɢ, 
ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɯɨɥɨɞɧɨɬɜɟɪɞɟɸɳɢɯ ɫɦɟɫɟɣ, ɩɨɫɥɟ ɭɩɥɨɬɧɟɧɢɹ 
ɜɵɞɟɪɠɢɜɚɸɬ ɜ ɨɫɧɚɫɬɤɟ ɞɨ ɩɨɥɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ (20-60 ɦɢɧ.), ɚ ɡɚɬɟɦ 
ɢɡɜɥɟɤɚɸɬ. ɉɨɫɥɟ ɨɬɜɟɪɠɞɟɧɢɹ, ɮɨɪɦɵ ɢ ɫɬɟɪɠɧɢ ɧɚɩɪɚɜɥɹɸɬ ɧɚ ɬɟɩɥɨɜɭɸ 
ɨɛɪɚɛɨɬɤɭ: ɫɭɲɤɭ ɢ ɨɛɠɢɝ ɞɥɹ ɩɨɥɧɨɝɨ ɭɞɚɥɟɧɢɹ ɜɥɚɝɢ ɢ ɩɨɜɵɲɟɧɢɹ 
ɩɪɨɱɧɨɫɬɢ. ɋɭɲɤɭ ɢ ɨɛɠɢɝ ɮɨɪɦ ɢ ɫɬɟɪɠɧɟɣ ɩɪɨɢɡɜɨɞɹɬ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɩɟɱɚɯ. ɇɚɝɪɟɜ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɪɟɠɢɦɭ. ɉɨɫɥɟ ɨɛɠɢɝɚ 
ɮɨɪɦɵ ɢ ɫɬɟɪɠɧɢ ɨɯɥɚɠɞɚɸɬ ɞɨ 200°ɋ ɜɦɟɫɬɟ ɫ ɩɟɱɶɸ, ɚ ɡɚɬɟɦ ɧɚ ɜɨɡɞɭɯɟ. 
ɉɨɫɥɟ ɤɨɧɬɪɨɥɹ ɫɨɛɪɚɧɧɭɸ ɮɨɪɦɭ ɧɚɩɪɚɜɥɹɸɬ ɧɚ ɡɚɥɢɜɤɭ. 
Ɏɨɪɦɨɜɨɱɧɵɟ ɫɦɟɫɢ, ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɡɨɜɵɯ 
ɥɢɬɟɣɧɵɯ ɮɨɪɦ, ɫɨɫɬɨɹɬ ɢɡ ɨɝɧɟɭɩɨɪɧɨɣ ɨɫɧɨɜɵ, ɫɜɹɡɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ʉ ɨɝɧɟɭɩɨɪɧɨɣ ɨɫɧɨɜɟ ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ 
ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ: 
 ɜɵɫɨɤɚɹ ɨɝɧɟɭɩɨɪɧɨɫɬɶ ɢ ɯɢɦɢɱɟɫɤɚɹ ɫɬɨɣɤɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɠɢɞɤɨɦɭ ɬɢɬɚɧɭ; 
 ɧɢɡɤɚɹ ɢɫɩɚɪɹɟɦɨɫɬɶ ɩɪɢ ɧɚɝɪɟɜɟ ɜ ɜɚɤɭɭɦɟ; 
 ɦɢɧɢɦɚɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɪɚɡɦɟɪɨɜ ɮɨɪɦ ɜ ɩɪɨɰɟɫɫɟ ɨɛɠɢɝɚ; 
 ɫɬɨɣɤɨɫɬɶ ɤ ɬɟɩɥɨɜɨɦɭ ɭɞɚɪɭ ɩɪɢ ɡɚɥɢɜɤɟ; 
 ɜɵɫɨɤɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ; 
 ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ; 
 ɞɨɫɬɭɩɧɨɫɬɶ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ; 
 ɯɨɪɨɲɚɹ ɜɵɛɢɜɚɟɦɨɫɬɶ ɮɨɪɦ.  
ɉɨɜɟɪɯɧɨɫɬɧɵɟ ɫɥɨɢ ɮɨɪɦɵ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɟ ɩɪɢ ɡɚɥɢɜɤɟ ɫ ɦɟɬɚɥɥɨɦ, 
ɧɚɝɪɟɜɚɸɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ, ɪɚɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ, 
ɡɚɥɢɜɚɟɦɨɝɨ ɜ ɮɨɪɦɭ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ 
ɮɨɪɦɵ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɥɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ, ɬ. ɟ. 
ɮɨɪɦɨɜɨɱɧɚɹ ɫɦɟɫɶ ɞɨɥɠɧɚ ɨɛɥɚɞɚɬɶ ɜɵɫɨɤɨɣ ɨɝɧɟɭɩɨɪɧɨɫɬɶɸ. ɋɬɟɪɠɧɟɜɵɟ 
ɫɦɟɫɢ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɟɳɺ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɨɝɧɟɭɩɨɪɧɨɫɬɶɸ, ɬɚɤ ɤɚɤ ɫɬɟɪɠɧɢ 
ɨɤɪɭɠɟɧɵ ɠɢɞɤɢɦ ɦɟɬɚɥɥɨɦ ɫɨ ɜɫɟɯ ɫɬɨɪɨɧ ɢ ɩɪɨɝɪɟɜɚɸɬɫɹ ɩɨɱɬɢ ɧɚ ɜɫɸ 
ɬɨɥɳɢɧɭ. 
ɇɚɢɛɨɥɶɲɟɣ ɨɝɧɟɭɩɨɪɧɨɫɬɶɸ ɢ ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɩɨ ɨɬɧɨɲɟɧɢɸ 
ɤ ɬɢɬɚɧɭ ɨɛɥɚɞɚɸɬ ɮɨɪɦɵ ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ɉɧɢ ɧɚɲɥɢ 
ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ, ɤɚɤ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ, ɬɚɤ ɢ ɜ ɡɚɪɭɛɟɠɧɨɣ ɩɪɚɤɬɢɤɟ. 
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ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɠɢɞɤɢɣ ɬɢɬɚɧ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɶɸ ɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɥɢɬɶɹ (≈ 1850ºɋ) ɤ ɫɜɹɡɭɸɳɢɦ 
ɦɚɬɟɪɢɚɥɚɦ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ: 
 ɨɝɧɟɭɩɨɪɧɨɫɬɶ ɢ ɯɢɦɢɱɟɫɤɚɹ ɢɧɟɪɬɧɨɫɬɶ ɤ ɠɢɞɤɨɦɭ ɬɢɬɚɧɭ; 
 ɫɩɨɫɨɛɧɨɫɬɶ ɯɨɪɨɲɨ ɫɦɚɱɢɜɚɬɶ ɨɝɧɟɭɩɨɪɧɭɸ ɨɫɧɨɜɭ ɫɦɟɫɢ; 
 ɫɩɨɫɨɛɧɨɫɬɶ ɬɜɟɪɞɟɬɶ ɩɪɢ ɬɟɩɥɨɜɨɣ ɢɥɢ ɯɢɦɢɱɟɫɤɨɣ ɫɭɲɤɟ; 
 ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɫɥɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɛɠɢɝɚ ɮɨɪɦ 
ɫɨɯɪɚɧɹɬɶ ɩɪɨɱɧɭɸ ɫɜɹɡɶ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɨɝɧɟɭɩɨɪɧɨɣ ɨɫɧɨɜɵ ɫɦɟɫɢ; 
 ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɨɛɴɺɦɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɜ ɩɪɨɰɟɫɫɟ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɛɠɢɝɚ; 
 ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɬɢɜɨɫɬɨɹɬɶ ɤɨɪɨɛɥɟɧɢɸ ɮɨɪɦ.  
ɋɜɹɡɭɸɳɢɟ ɜɟɳɟɫɬɜɚ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɮɨɪɦɨɜɨɱɧɵɯ ɫɦɟɫɹɯ ɞɥɹ ɥɢɬɶɹ 
ɬɢɬɚɧɨɜɵɯ ɨɬɥɢɜɨɤ, ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɤɥɚɫɫɚ: ɨɪɝɚɧɢɱɟɫɤɢɟ ɢ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ. 
  
6.1 ɂɡɝɨɬɨɜɥɟɧɢɟ ɮɨɪɦ ɢ ɫɬɟɪɠɧɟɣ 
 
ɋɬɟɪɠɧɢ ɩɪɢɦɟɧɹɸɬ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɜ ɨɬɥɢɜɤɚɯ ɨɬɜɟɪɫɬɢɣ 
ɢ ɩɨɥɨɫɬɟɣ, ɚ ɬɚɤɠɟ ɧɚɪɭɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɬɥɢɜɨɤ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. 
ɉɪɢ ɡɚɥɢɜɤɟ ɮɨɪɦɵ ɫɬɟɪɠɧɢ ɨɛɵɱɧɨ ɛɵɜɚɸɬ ɫɨ ɜɫɟɯ ɫɬɨɪɨɧ ɨɤɪɭɠɟɧɵ 
ɠɢɞɤɢɦ ɦɟɬɚɥɥɨɦ. ɉɨɷɬɨɦɭ ɨɧɢ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɜɵɫɨɤɨɣ 
ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶɸ, ɩɪɨɱɧɨɫɬɶɸ, ɩɨɞɚɬɥɢɜɨɫɬɶɸ, ɜɵɛɢɜɚɟɦɨɫɬɶɸ, ɱɬɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɛɨɪɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɬɟɪɠɧɟɜɨɣ ɫɦɟɫɢ ɢ 
ɤɨɧɫɬɪɭɤɰɢɟɣ ɫɬɟɪɠɧɹ. 
ɋɬɟɪɠɧɢ ɞɟɥɹɬ ɧɚ ɩɹɬɶ ɤɥɚɫɫɨɜ: ɩɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɪɚɡɦɟɪɚɦ, 
ɤɨɧɮɢɝɭɪɚɰɢɢ, ɭɫɥɨɜɢɹɦ ɪɚɛɨɬɵ ɜ ɥɢɬɟɣɧɨɣ ɮɨɪɦɟ ɢ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɤɚɱɟɫɬɜɭ 
ɥɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 
I ɤɥɚɫɫ – ɫɬɟɪɠɧɢ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɚɠɭɪɧɵɟ, ɢɦɟɸɳɢɟ ɦɚɥɵɟ 
ɡɧɚɤɢ, ɨɛɪɚɡɭɸɳɢɟ ɜ ɨɬɥɢɜɤɚɯ ɧɟɨɛɪɚɛɚɬɵɜɚɟɦɵɟ ɩɨɥɨɫɬɢ, ɤ ɱɢɫɬɨɬɟ 
ɤɨɬɨɪɵɯ ɩɪɟɞɴɹɜɥɹɸɬ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɧɚɩɪɢɦɟɪ, ɫɬɟɪɠɧɢ ɥɟɧɬɨɱɧɨɝɨ 
ɬɢɩɚ ɞɥɹ ɨɬɥɢɜɨɤ ɤɨɪɩɭɫɨɜ ɞɜɢɝɚɬɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ. 
II ɤɥɚɫɫ – ɫɬɟɪɠɧɢ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɢɦɟɸɳɢɟ ɧɚɪɹɞɭ ɫ 
ɦɚɫɫɢɜɧɵɦɢ ɱɚɫɬɹɦɢ ɬɨɧɤɢɟ ɜɵɫɬɭɩɵ, ɩɟɪɟɦɵɱɤɢ. Ɉɧɢ ɨɛɪɚɡɭɸɬ ɜ ɨɬɥɢɜɤɟ 
ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ ɨɛɪɚɛɚɬɵɜɚɟɦɵɟ ɩɨɜɟɪɯɧɨɫɬɢ. 
III ɤɥɚɫɫ – ɫɬɟɪɠɧɢ ɫɪɟɞɧɟɣ ɫɥɨɠɧɨɫɬɢ, ɫ ɦɚɫɫɢɜɧɵɦɢ ɡɧɚɤɚɦɢ, ɧɟ 
ɢɦɟɸɳɢɦɢ ɨɫɨɛɨ ɬɨɧɤɢɯ ɱɚɫɬɟɣ, ɧɨ ɜɵɩɨɥɧɹɸɳɢɟ ɜ ɨɬɥɢɜɤɚɯ ɩɨɥɨɫɬɢ, ɤ 
ɱɢɫɬɨɬɟ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɬɨɪɵɯ, ɩɪɟɞɴɹɜɥɹɸɬ ɩɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ. 
IV ɤɥɚɫɫ – ɫɬɟɪɠɧɢ ɩɪɨɫɬɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɨɛɪɚɡɭɸɳɢɟ ɜ ɨɬɥɢɜɤɚɯ 
ɨɛɪɚɛɚɬɵɜɚɟɦɵɟ ɢ ɧɟɨɛɪɚɛɚɬɵɜɚɟɦɵɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɤ ɱɢɫɬɨɬɟ ɤɨɬɨɪɵɯ, 
ɨɫɨɛɵɯ ɬɪɟɛɨɜɚɧɢɣ ɧɟ ɩɪɟɞɴɹɜɥɹɟɬɫɹ. 
V ɤɥɚɫɫ – ɦɚɫɫɢɜɧɵɟ ɫɬɟɪɠɧɢ, ɨɛɪɚɡɭɸɳɢɟ ɛɨɥɶɲɢɟ ɩɨɥɨɫɬɢ ɜ 
ɤɪɭɩɧɵɯ ɨɬɥɢɜɤɚɯ.  
ɋɦɟɫɶ ɞɥɹ ɫɬɟɪɠɧɟɣ I ɤɥɚɫɫɚ ɞɨɥɠɧɚ ɨɛɥɚɞɚɬɶ ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, 
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɬɜɟɪɞɨɫɬɶɸ, ɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɜɨ ɜɥɚɠɧɨɦ ɫɨɫɬɨɹɧɢɢ, 
ɦɢɧɢɦɚɥɶɧɨɣ ɝɚɡɨɬɜɨɪɧɨɫɬɶɸ, ɯɨɪɨɲɟɣ ɩɨɞɚɬɥɢɜɨɫɬɶɸ ɢ ɜɵɛɢɜɚɟɦɨɫɬɶɸ. 
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ɋɦɟɫɶ ɞɥɹ ɫɬɟɪɠɧɟɣ II ɤɥɚɫɫɚ ɞɨɥɠɧɚ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɟɦ ɠɟ ɫɚɦɵɦ 
ɬɪɟɛɨɜɚɧɢɹɦ, ɧɨ ɛɵɬɶ ɛɨɥɟɟ ɩɪɨɱɧɨɣ ɜɨ ɜɥɚɠɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɱɬɨɛɵ 
ɦɚɫɫɢɜɧɵɟ ɢ ɜɵɫɨɤɢɟ ɱɚɫɬɢ ɫɬɟɪɠɧɹ ɧɟ ɪɚɡɪɭɲɚɥɢɫɶ ɩɨɞ ɫɨɛɫɬɜɟɧɧɨɣ 
ɦɚɫɫɨɣ. 
ɋɦɟɫɶ ɞɥɹ ɫɬɟɪɠɧɟɣ III ɤɥɚɫɫɚ ɞɨɥɠɧɚ ɢɦɟɬɶ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ ɜɨ 
ɜɥɚɠɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɯɨɪɨɲɭɸ ɩɨɞɚɬɥɢɜɨɫɬɶ ɢ ɜɵɛɢɜɚɟɦɨɫɬɶ. 
ɋɦɟɫɶ ɞɥɹ ɫɬɟɪɠɧɟɣ IV ɢ V ɤɥɚɫɫɨɜ ɞɨɥɠɧɵ ɢɦɟɬɶ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ 
ɜɨ ɜɥɚɠɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɯɨɪɨɲɭɸ ɩɨɞɚɬɥɢɜɨɫɬɶ ɢ ɜɵɛɢɜɚɟɦɨɫɬɶ. 
ɋɬɟɪɠɧɢ ɩɨɥɭɱɚɸɬ ɜ ɹɳɢɤɚɯ ɜɪɭɱɧɭɸ ɢɥɢ ɧɚ ɦɚɲɢɧɚɯ ɫ ɩɨɦɨɳɶɸ ɬɟɯ 
ɠɟ ɩɪɢɟɦɨɜ, ɱɬɨ ɢ ɩɪɢ ɮɨɪɦɨɜɤɟ. Ɉɬɞɟɥɟɧɢɟ ɥɢɬɟɣɧɨɝɨ ɰɟɯɚ, ɜ ɤɨɬɨɪɨɦ 
ɢɡɝɨɬɨɜɥɹɸɬ ɫɬɟɪɠɧɢ, ɧɚɡɵɜɚɸɬ ɫɬɟɪɠɧɟɜɵɦ.  
ɂɡɝɨɬɨɜɥɟɧɢɟ ɝɪɚɮɢɬɨɜɵɯ ɮɨɪɦ. 
Ɏɨɪɦɵ ɢɡ ɝɪɚɮɢɬɨɜɵɯ ɩɨɪɨɲɤɨɜ ɦɨɝɭɬ ɛɵɬɶ ɢɡɝɨɬɨɜɥɟɧɵ ɩɨɫɥɨɣɧɨɣ 
ɧɚɛɢɜɤɨɣ ɜɪɭɱɧɭɸ, ɩɪɟɫɫɨɜɚɧɢɟɦ, ɦɟɬɨɞɨɦ ɡɚɬɜɟɪɞɟɜɚɸɳɢɯ ɧɚ ɝɨɪɹɱɟɣ 
ɦɨɞɟɥɢ ɨɛɨɥɨɱɟɤ, ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ ɢ ɬ. ɞ. 
Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɚɛɢɜɧɵɯ ɝɪɚɮɢɬɨɜɵɯ ɮɨɪɦ ɩɨ ɞɟɪɟɜɹɧɧɵɦ ɢɥɢ 
ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɦɨɞɟɥɹɦ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ ɫɦɟɫɶ Ɏɢɥɞɚ 
(ɫɦɟɫɶ ɫ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɦɢ ɫɜɹɡɭɸɳɢɦɢ ɜɟɳɟɫɬɜɚɦɢ). Ɉɧɚ ɫɨɫɬɨɢɬ ɢɡ 63% 
ɝɪɚɮɢɬɨɜɨɝɨ ɩɨɪɨɲɤɚ, 7% ɝɪɚɮɢɬɨɜɨɣ ɩɵɥɢ, 5% ɡɥɚɤɨɜɨɝɨ ɤɪɚɯɦɚɥɚ, 10% 
ɫɦɨɥɵ ɢɥɢ ɪɚɫɬɜɨɪɚ ɤɚɦɟɧɧɨɭɝɨɥɶɧɨɝɨ ɩɟɤɚ ɜ ɚɰɟɬɨɧɟ (ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1), 
8% ɞɪɟɜɟɫɧɨɝɨ ɞɺɝɬɹ ɢ 7% ɜɨɞɵ. Ƚɪɚɮɢɬ ɢ ɤɪɚɯɦɚɥ ɩɟɪɟɦɟɲɢɜɚɸɬ ɜ 
ɫɦɟɫɢɬɟɥɟ 2 ɦɢɧ, ɡɚɬɟɦ ɞɨɛɚɜɥɹɸɬ ɫɦɨɥɭ, ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɸɬ ɟɳɺ 2 ɦɢɧ, 
ɜɜɨɞɹɬ ɞɪɟɜɟɫɧɵɣ ɞɺɝɨɬɶ ɢ ɜɨɞɭ, ɩɨɫɥɟ ɱɟɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɜɟɞɭɬ ɜ ɬɟɱɟɧɢɟ 4 
ɦɢɧ. Ƚɨɬɨɜɚɹ ɫɦɟɫɶ ɜ ɫɵɪɨɦ ɫɨɫɬɨɹɧɢɢ ɢɦɟɟɬ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ 190 ɟɞɢɧɢɰ, 
ɩɪɨɱɧɨɫɬɶ ɧɚ ɫɠɚɬɢɟ 70 ɤɉɚ (0,7 ɤɝɫ/ɫɦ2) ɜɥɚɠɧɨɫɬɶ 6,9 %. ɉɨɫɥɟ ɫɭɲɤɢ 
ɩɪɨɱɧɨɫɬɶ ɬɚɤɨɣ ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ ɧɚ ɪɚɡɪɵɜ ɫɨɫɬɚɜɥɹɟɬ 700 ɤɉɚ (7 
ɤɝɫ/ɫɦ2). 
Ƚɪɚɮɢɬɨɜɵɟ ɮɨɪɦɨɜɨɱɧɵɟ ɫɦɟɫɢ ɫ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɦɢ ɫɜɹɡɭɸɳɢɦɢ 
ɜɟɳɟɫɬɜɚɦɢ ɧɚɯɨɞɹɬ ɨɝɪɚɧɢɱɟɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ. ɉɨ ɫɜɨɢɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɫɜɨɣɫɬɜɚɦ ɨɧɢ ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɬɭɩɚɸɬ ɝɪɚɮɮɢɬɨ-
ɫɦɨɥɹɧɵɦ. ɂɯ ɨɫɧɨɜɧɵɟ ɧɟɞɨɫɬɚɬɤɢ: ɧɢɡɤɚɹ ɩɥɚɫɬɢɱɧɨɫɬɶ, ɧɟɞɨɫɬɚɬɨɱɧɚɹ 
ɩɪɨɱɧɨɫɬɶ ɜ ɫɵɪɨɦ ɫɨɫɬɨɹɧɢɢ, ɛɨɥɶɲɚɹ ɭɫɚɞɤɚ ɢ ɞɪ. Ɏɨɪɦɵ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ 
ɢɡ ɷɬɢɯ ɫɦɟɫɟɣ, ɨɛɥɚɞɚɸɬ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɬɟɪɦɨɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɢ 
ɜɵɡɵɜɚɸɬ ɩɨɜɵɲɟɧɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɦɟɬɚɥɥɚ ɨɬɥɢɜɤɢ ɩɪɢɦɟɫɹɦɢ. 
Ȼɨɥɟɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɚɲɥɢ ɝɪɚɮɢɬɨɜɵɟ 
ɮɨɪɦɨɜɨɱɧɵɟ ɫɦɟɫɢ ɫ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɫɜɹɡɭɸɳɢɦɢ (ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ 
ɫɦɨɥɚɦɢ). Ɉɫɧɨɜɧɨɟ ɞɨɫɬɨɢɧɫɬɜɨ ɞɚɧɧɵɯ ɫɦɟɫɟɣ – ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɢɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ (ɩɪɨɱɧɨɫɬɶ ɜ ɫɵɪɨɦ ɫɨɫɬɨɹɧɢɢ, ɬɟɤɭɱɟɫɬɶ, 
ɮɨɪɦɭɟɦɨɫɬɶ ɢ ɬ. ɞ.). ɇɨ ɝɥɚɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ 
ɮɨɪɦɵ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɬɚɤɢɯ ɝɪɚɮɢɬɨɜɵɯ ɫɦɟɫɟɣ, ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ 
ɬɟɪɦɨɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɢ ɨɝɧɟɭɩɨɪɧɨɫɬɶɸ. 
ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɢɦɟɧɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɩɨ ɫɨɫɬɚɜɭ ɝɪɚɮɢɬɨɜɵɟ 
ɮɨɪɦɨɜɨɱɧɵɟ ɫɦɟɫɢ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɩɨ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ 
ɝɪɚɮɢɬɨɜɨɝɨ ɩɨɪɨɲɤɚ, ɬɢɩɚ ɢ ɤɨɥɢɱɟɫɬɜɚ ɜɜɨɞɢɦɨɝɨ ɜ ɫɦɟɫɶ ɫɜɹɡɭɸɳɟɝɨ 
ɜɟɳɟɫɬɜɚ ɢ ɬ. ɞ. Ƚɪɚɮɢɬɨɜɵɟ ɮɨɪɦɨɜɨɱɧɵɟ ɫɦɟɫɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
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ɭɩɥɨɬɧɹɟɦɵɯ ɮɨɪɦ ɤɥɚɫɫɢɮɢɰɢɪɭɸɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɭɩɥɨɬɧɟɧɢɹ ɢ 
ɦɟɬɨɞɚ ɢɯ ɨɬɜɟɪɠɞɟɧɢɹ. ɉɨ ɫɩɨɫɨɛɭ ɭɩɥɨɬɧɟɧɢɹ ɨɧɢ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ 
ɫɦɟɫɢ, ɭɩɥɨɬɧɹɟɦɵɟ ɩɪɟɫɫɨɜɚɧɢɟɦ (ɋɎɌ-1ɉ, ATM ɢ ɞɪ.), ɧɚ ɮɨɪɦɨɜɨɱɧɵɯ 
ɜɫɬɪɹɯɢɜɚɸɳɢɯ ɦɚɲɢɧɚɯ ɢ ɜɪɭɱɧɭɸ (ɋɎɌ-1, ȻȽɍ-1 ɢ ɞɪ.) ɢ ɧɚ 
ɭɧɢɜɟɪɫɚɥɶɧɵɟ (ɋȽɍ-1, ɋȽɍ-2, ɋȽɍ-Ɂ ɢ ɞɪ.).  
ɉɨ ɦɟɬɨɞɭ ɨɬɜɟɪɠɞɟɧɢɹ ɝɪɚɮɢɬɨɜɵɟ ɮɨɪɦɨɜɨɱɧɵɟ ɫɦɟɫɢ 
ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɫɦɟɫɢ ɯɨɥɨɞɧɨɝɨ ɢ ɝɨɪɹɱɟɝɨ ɨɬɜɟɪɠɞɟɧɢɹ. Ʉ 
ɮɨɪɦɨɜɨɱɧɵɦ ɫɦɟɫɹɦ ɯɨɥɨɞɧɨɝɨ ɨɬɜɟɪɠɞɟɧɢɹ ɨɬɧɨɫɹɬɫɹ: ɋȽɍ-1, ɋȽɍ-3, 
ȻȽɍ-1 ɢ ɞɪ., ɝɨɪɹɱɟɝɨ ɨɬɜɟɪɠɞɟɧɢɹ – ɋȽɍ-2, ɋɎɌ-1, ɋɎɌ-1ɉ, ATM ɢ ɞɪ. ȼ 
ɫɦɟɫɹɯ ɩɟɪɜɨɝɨ ɬɢɩɚ ɨɬɜɟɪɠɞɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 
ɫɜɹɡɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ, ɜɵɡɜɚɧɧɨɝɨ ɜɜɟɞɟɧɢɟɦ ɜ ɫɦɟɫɶ ɤɚɬɚɥɢɡɚɬɨɪɚ. ȼ ɫɦɟɫɹɯ 
ɜɬɨɪɨɝɨ ɬɢɩɚ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɫɜɹɡɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɝɪɟɜɨɦ 
ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ. 
ɇɚɝɪɟɜ ɩɪɨɢɡɜɨɞɹɬ ɜ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɩɟɱɚɯ, ɤɭɞɚ ɡɚɝɪɭɠɚɸɬɫɹ 
ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɷɥɟɦɟɧɬɵ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ (ɫɦɟɫɢ ɋɎɌ-1, ɋɎɌ-1ɉ, ɋȽɍ-2 ɢ 
ɞɪ.) ɢɥɢ ɜ ɧɚɝɪɟɬɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɟ ɜ ɩɟɪɢɨɞ ɩɪɟɫɫɨɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ 
ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ (ɫɦɟɫɶ ATM) 
ɉɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ ɩɪɟɫɫɨɜɚɧɢɟɦ ɢɦɟɟɬ ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫɨ ɜɫɬɪɹɯɢɜɚɧɢɟɦ ɢ ɪɭɱɧɨɣ ɧɚɛɢɜɤɨɣ. Ɉɧ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ 
ɱɢɫɬɨɬɭ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɭɜɟɥɢɱɢɬɶ ɩɪɨɱɧɨɫɬɶ ɮɨɪɦ, ɱɬɨ ɜɚɠɧɨ ɩɪɢ 
ɰɟɧɬɪɨɛɟɠɧɨɦ ɫɩɨɫɨɛɟ ɥɢɬɶɹ ɨɬɥɢɜɨɤ. Ƚɪɚɮɢɬɨɜɵɟ ɮɨɪɦɨɜɨɱɧɵɟ ɫɦɟɫɢ, 
ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ ɩɪɟɫɫɨɜɚɧɢɟɦ, ɫɨɞɟɪɠɚɬ ɦɟɧɶɲɟɟ 
ɤɨɥɢɱɟɫɬɜɨ ɫɜɹɡɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɫɩɨɫɨɛɚɦɢ 
ɩɨɥɭɱɟɧɢɹ ɮɨɪɦ. ɉɨɷɬɨɦɭ ɯɢɦɢɱɟɫɤɚɹ ɢɧɟɪɬɧɨɫɬɶ ɬɚɤɢɯ ɮɨɪɦ ɜɵɲɟ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɷɬɢ ɮɨɪɦɵ ɩɪɟɬɟɪɩɟɜɚɸɬ ɦɟɧɶɲɢɟ ɨɛɴɟɦɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ 
ɬɟɩɥɨɜɨɣ ɨɛɪɚɛɨɬɤɢ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɬɨɱɧɨɫɬɶ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ ɨɬɥɢɜɨɤ. 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɝɪɚɮɢɬɨɜɨɣ ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ 
ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜ: 
 ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɩɨɪɨɲɤɚ ɝɪɚɮɢɬɚ ɢ ɟɝɨ ɪɚɡɞɟɥɟɧɢɟ ɧɚ ɮɪɚɤɰɢɢ; 
 ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɫɜɹɡɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ; 
 ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɝɪɚɮɢɬɨɜɨɝɨ ɩɨɪɨɲɤɚ ɫɨ ɫɜɹɡɭɸɳɢɦ ɜ ɫɦɟɫɢɬɟɥɟ; 
 ɜɵɥɟɠɢɜɚɧɢɟ ɫɦɟɫɟɣ ɝɨɪɹɱɟɝɨ ɨɬɜɟɪɠɞɟɧɢɹ (ɫɦɟɫɢ ɯɨɥɨɞɧɨɝɨ 
ɨɬɜɟɪɠɞɟɧɢɹ ɩɨɞɚɸɬɫɹ ɧɚ ɮɨɪɦɨɜɤɭ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ). 
ɉɟɪɟɞ ɩɪɢɝɨɬɨɜɥɟɧɢɟɦ ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ ɝɪɚɮɢɬɨɜɵɣ ɩɨɪɨɲɨɤ 
ɩɪɨɫɭɲɢɜɚɸɬ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɞɞɨɧɚɯ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɟɱɚɯ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ɍɟɦɩɟɪɚɬɭɪɚ ɫɭɲɤɢ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 300°ɋ, ɜɪɟɦɹ ɫɭɲɤɢ 
2 – 3 ɱ. ɉɨɫɥɟ ɩɪɨɫɭɲɢɜɚɧɢɹ ɩɨɪɨɲɨɤ ɪɚɫɫɟɢɜɚɸɬ ɧɚ ɜɢɛɪɚɰɢɨɧɧɵɯ 
ɭɫɬɚɧɨɜɤɚɯ ɢ ɨɬɛɢɪɚɸɬ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɪɚɮɢɬɨɜɨɝɨ ɩɨɪɨɲɤɚ 
ɤɚɠɞɨɣ ɮɪɚɤɰɢɢ. 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ ɢɡ ɝɪɚɮɢɬɨɜɵɯ ɫɦɟɫɟɣ 
ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɨɫɧɨɜɧɵɯ ɨɩɟɪɚɰɢɣ: 
 ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ; 
 ɢɡɝɨɬɨɜɥɟɧɢɟ ɩɨɥɭɮɨɪɦ ɢ ɫɬɟɪɠɧɟɣ ɨɞɧɢɦ ɢɡ ɢɡɜɟɫɬɧɵɯ 
ɫɩɨɫɨɛɨɜ; 
48 
 
 ɜɵɞɟɪɠɤɚ ɧɚ ɜɨɡɞɭɯɟ ɜ ɬɟɱɟɧɢɟ ≈ 8 ɱ; 
 ɫɭɲɤɚ ɮɨɪɦ ɢ ɫɬɟɪɠɧɟɣ; 
 ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɨɛɠɢɝ; 
 ɫɛɨɪɤɚ ɮɨɪɦ ɢ ɩɨɞɝɨɬɨɜɤɚ ɢɯ ɤ ɡɚɥɢɜɤɟ. 
ȼ ɩɪɨɰɟɫɫɟ ɫɭɲɤɢ ɮɨɪɦ ɢ ɫɬɟɪɠɧɟɣ ɫɨɞɟɪɠɚɳɚɹɫɹ ɜ ɮɨɪɦɨɜɨɱɧɨɣ 
ɫɦɟɫɢ ɜɥɚɝɚ ɢ ɪɚɫɬɜɨɪɢɬɟɥɢ ɫɦɨɥ (ɫɩɢɪɬ, ɭɚɣɬ-ɫɩɢɪɢɬ ɢ ɬ.ɩ.) ɭɞɚɥɹɸɬɫɹ, ɚ 
ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɢ ɬɜɟɪɞɟɧɢɟ ɫɦɨɥ. 
ɋɭɲɤɚ ɮɨɪɦ ɦɨɠɟɬ ɩɪɨɜɨɞɢɬɶɫɹ ɩɨ ɪɚɡɥɢɱɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 
ɪɟɠɢɦɚɦ, ɧɚɩɪɢɦɟɪ: ɦɟɞɥɟɧɧɵɣ ɧɚɝɪɟɜ ɫɨ ɫɤɨɪɨɫɬɶɸ 10 ºɋ ɜ ɱɚɫ ɞɨ 120 ºɋ; ɢ 
ɜɵɞɟɪɠɤɚ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ 16 ɱ. Ⱦɪɭɝɨɣ ɜɚɪɢɚɧɬ ɫɭɲɤɢ 
ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ: ɜɵɞɟɪɠɤɚ ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɮɨɪɦ ɧɚ ɜɨɡɞɭɯɟ ɜ ɬɟɱɟɧɢɟ 
20 ɱ, ɦɟɞɥɟɧɧɵɣ ɧɚɝɪɟɜ ɞɨ 220 – 250ºɋ, ɜɵɞɟɪɠɤɚ ɜ ɩɟɱɢ ɩɪɢ ɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ 2 ɱ, ɨɯɥɚɠɞɟɧɢɟ ɮɨɪɦ ɜɦɟɫɬɟ ɫ ɩɟɱɶɸ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 
50 – 60 ºɋ ɢ ɜɵɝɪɭɡɤɚ ɢɡ ɩɟɱɢ. 
Ɉɛɠɢɝ ɝɪɚɮɢɬɨɜɵɯ ɮɨɪɦ ɢ ɫɬɟɪɠɧɟɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɤɨɧɬɟɣɧɟɪɚɯ ɢɡ 
ɠɚɪɨɫɬɨɣɤɨɣ ɫɬɚɥɢ ɜ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɟ, ɫɨɡɞɚɜɚɟɦɨɣ ɝɚɡɚɦɢ, 
ɜɵɞɟɥɹɸɳɢɦɢɫɹ ɩɪɢ ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɢ ɫɜɹɡɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ. ɉɪɢɦɟɧɹɟɦɵɟ 
ɪɟɠɢɦɵ ɨɛɠɢɝɚ ɦɨɝɭɬ ɪɚɡɥɢɱɚɬɶɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ 
ɫɦɟɫɢ ɢ ɦɟɬɨɞɨɜ ɭɩɥɨɬɧɟɧɢɹ ɢ ɨɬɜɟɪɠɞɟɧɢɹ. ɉɪɢɛɥɢɠɺɧɧɨ ɬɟɯɧɨɥɨɝɢɸ 
ɨɛɠɢɝɚ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɬɚɤ: ɧɚɝɪɟɜ ɮɨɪɦɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɬɭɩɟɧɱɚɬɨ - 
ɫɧɚɱɚɥɚ ɞɨ 450 – 500 °ɋ ɢ ɜɵɞɟɪɠɤɚ ɜ ɬɟɱɟɧɢɟ 2 – 3 ɱ, ɚ ɡɚɬɟɦ ɧɚɝɪɟɜ ɞɨ 900 – 
950 °ɋ ɢ ɜɵɞɟɪɠɤɚ ɜ ɬɟɱɟɧɢɟ 3 – 4 ɱ; ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɤɢɫɥɟɧɢɹ 
ɝɪɚɮɢɬɨɜɵɯ ɮɨɪɦ ɢ ɫɬɟɪɠɧɟɣ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɩɨɫɥɟ ɨɛɠɢɝɚ ɢ ɫɧɢɠɟɧɢɹ ɢɯ 
ɝɚɡɨɬɜɨɪɧɨɫɬɢ ɤɨɧɬɟɣɧɟɪɵ ɫ ɮɨɪɦɚɦɢ ɢ ɫɬɟɪɠɧɹɦɢ ɭɞɚɥɹɸɬ ɢɡ ɩɟɱɟɣ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 850 – 900 °ɋ ɢ ɨɯɥɚɠɞɚɸɬ ɜ ɞɟɝɚɡɚɰɢɨɧɧɵɯ ɤɚɦɟɪɚɯ, ɤɨɬɨɪɵɟ 
ɩɟɪɟɞ ɜɵɝɪɭɡɤɨɣ ɤɨɧɬɟɣɧɟɪɨɜ ɫ ɮɨɪɦɚɦɢ ɡɚɩɨɥɧɹɸɬ ɫɭɯɢɦ ɚɪɝɨɧɨɦ; ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ ɬɟɪɦɨɯɢɦɢɱɟɫɤɨɣ ɢɧɟɪɬɧɨɫɬɢ ɮɨɪɦ ɨɛɠɢɝ ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɜ 
ɜɚɤɭɭɦɧɵɯ ɩɟɱɚɯ; ɩɨɫɥɟ ɨɛɠɢɝɚ ɩɨɥɭɮɨɪɦɵ ɢ ɫɬɟɪɠɧɢ ɨɛɞɭɜɚɸɬ ɫɠɚɬɵɦ 
ɜɨɡɞɭɯɨɦ ɢ ɨɬɩɪɚɜɥɹɸɬ ɧɚ ɫɛɨɪɤɭ, ɫɨɛɪɚɧɧɵɟ ɮɨɪɦɵ ɞɨɩɭɫɤɚɟɬɫɹ ɯɪɚɧɢɬɶ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 100 °ɋ; ɞɚɥɟɟ ɮɨɪɦɵ ɩɨɦɟɳɚɸɬɫɹ ɜ ɡɚɥɢɜɨɱɧɭɸ ɤɚɦɟɪɭ 
ɩɥɚɜɢɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɝɞɟ ɨɧɢ ɜɚɤɭɭɦɢɪɭɸɬɫɹ ɜ ɬɟɱɟɧɢɟ ≈ 60 ɦɢɧ. 
 
6.2 ɋɛɨɪɤɚ ɮɨɪɦ. 
 
ɋɛɨɪɤɚ ɮɨɪɦɵ ɹɜɥɹɟɬɫɹ ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɬɪɟɛɭɸɳɢɦ 
ɜɧɢɦɚɧɢɹ ɢ ɚɤɤɭɪɚɬɧɨɫɬɢ. ɋɛɨɪɤɚ ɜɤɥɸɱɚɟɬ ɨɩɟɪɚɰɢɢ: ɩɨɞɝɨɬɨɜɤɢ ɩɨɥɭɮɨɪɦ 
ɢ ɫɬɟɪɠɧɟɣ, ɭɫɬɚɧɨɜɤɢ ɫɬɟɪɠɧɟɣ (ɨɛɵɱɧɨ ɜ ɧɢɠɧɸɸ ɩɨɥɭɮɨɪɦɭ), ɤɨɧɬɪɨɥɹ 
ɩɨɥɨɠɟɧɢɹ ɫɬɟɪɠɧɟɣ, ɧɚɤɪɵɬɢɹ ɧɢɠɧɟɣ ɩɨɥɭɮɨɪɦɵ ɜɟɪɯɧɟɣ, ɭɫɬɚɧɨɜɤɢ 
ɜɵɩɨɪɧɵɯ ɢ ɥɢɬɧɢɤɨɜɵɯ ɱɚɲ, ɫɤɪɟɩɥɟɧɢɹ ɩɨɥɭ ɮɨɪɦ ɢɥɢ ɢɯ ɧɚɝɪɭɠɟɧɢɹ. 
ɉɨɥɭɮɨɪɦɵ ɢ ɫɬɟɪɠɧɢ, ɩɨɫɬɭɩɢɜɲɢɟ ɧɚ ɫɛɨɪɤɭ, ɬɳɚɬɟɥɶɧɨ 
ɨɫɦɚɬɪɢɜɚɸɬ; ɤ ɫɛɨɪɤɟ ɧɟ ɞɨɩɭɫɤɚɸɬɫɹ ɫɬɟɪɠɧɢ ɢ ɩɨɥɭɮɨɪɦɵ, ɢɦɟɸɳɢɟ 
ɤɚɤɢɟ-ɥɢɛɨ ɩɨɜɪɟɠɞɟɧɢɹ ɢɥɢ ɞɟɮɟɤɬɵ. ɉɟɪɟɞ ɫɛɨɪɤɨɣ ɮɨɪɦɵ ɩɪɨɞɭɜɚɸɬ 
ɫɠɚɬɵɦ ɜɨɡɞɭɯɨɦ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɞɚɥɢɬɶ ɢɡ ɧɟɟ ɱɚɫɬɢɰɵ ɫɦɟɫɢ ɢɥɢ 
ɢɧɨɪɨɞɧɵɟ ɬɟɥɚ.  
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ɋɬɟɪɠɧɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɜ ɮɨɪɦɭ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɭɤɚɡɚɧɧɨɣ ɧɚ 
ɫɛɨɪɨɱɧɨɦ ɱɟɪɬɟɠɟ ɢɥɢ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɤɚɪɬɟ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ 
ɫɥɟɞɢɬɶ ɡɚ ɬɟɦ, ɱɬɨɛɵ ɡɧɚɤɢ ɫɬɟɪɠɧɟɣ ɬɨɱɧɨ ɫɬɚɧɨɜɢɥɢɫɶ ɜ ɨɬɩɟɱɚɬɤɢ ɡɧɚɤɨɜ 
ɦɨɞɟɥɢ. ȿɫɥɢ ɡɧɚɤ ɫɬɟɪɠɧɹ ɩɨɱɟɦɭ-ɥɢɛɨ ɧɟ ɩɨɞɯɨɞɢɬ ɤ ɫɜɨɟɦɭ ɝɧɟɡɞɭ ɜ 
ɮɨɪɦɟ, ɬɨ ɩɨɞɝɨɧɤɚ ɟɝɨ ɨɩɢɥɢɜɚɧɢɟɦ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ. Ɍɨɥɶɤɨ ɜ 
ɢɫɤɥɸɱɢɬɟɥɶɧɵɯ ɫɥɭɱɚɹɯ, ɜ ɭɫɥɨɜɢɹɯ ɟɞɢɧɢɱɧɨɝɨ ɢɥɢ ɦɟɥɤɨɫɟɪɢɣɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɞɨɩɭɫɤɚɟɬɫɹ ɩɨɞɝɨɧɤɚ ɡɧɚɤɨɜ ɫɬɟɪɠɧɹ, ɧɨ ɫɩɟɰɢɚɥɶɧɵɦ 
ɤɨɧɬɪɨɥɶɧɵɦ ɲɚɛɥɨɧɚɦ. ɉɨɥɨɠɟɧɢɟ ɤɚɠɞɨɝɨ ɫɬɟɪɠɧɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɮɨɪɦɵ ɢ 
ɞɪɭɝɢɯ ɫɬɟɪɠɧɟɣ ɩɪɨɜɟɪɹɸɬ ɤɨɧɬɪɨɥɶɧɵɦɢ ɲɚɛɥɨɧɚɦɢ, ɚ ɜ ɩɨɬɨɱɧɨ-
ɦɚɫɫɨɜɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ - ɤɨɧɞɭɤɬɨɪɚɦɢ. 
Ɋɚɡɦɟɪɵ ɬɟɥɚ ɨɬɥɢɜɤɢ, ɨɛɪɚɡɨɜɚɧɧɵɟ ɫɬɟɪɠɧɹɦɢ ɢ ɮɨɪɦɨɣ ɢɥɢ ɬɨɥɶɤɨ 
ɫɬɟɪɠɧɹɦɢ, ɩɪɨɜɟɪɹɸɬ ɬɨɥɳɢɧɨɦɟɪɚɦɢ. ȼ ɭɫɥɨɜɢɹɯ ɟɞɢɧɢɱɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɢ ɫɛɨɪɤɟ ɫɥɨɠɧɵɯ ɮɨɪɦ ɢɫɩɨɥɶɡɭɸɬ ɤɨɧɬɪɨɥɶɧɨɟ 
ɩɟɪɟɤɪɵɬɢɟ ɮɨɪɦɵ, ɟɫɥɢ ɬɨɥɳɢɧɭ ɬɟɥɚ ɨɬɥɢɜɤɢ, ɨɛɪɚɡɭɟɦɭɸ ɮɨɪɦɨɣ ɢ 
ɫɬɟɪɠɧɹɦɢ, ɧɟɥɶɡɹ ɩɪɨɜɟɪɢɬɶ ɤɨɧɬɪɨɥɶɧɵɦ ɢɥɢ ɢɡɦɟɪɢɬɟɥɶɧɵɦ 
ɢɧɫɬɪɭɦɟɧɬɨɦ. ɉɟɪɟɞ ɤɨɧɬɪɨɥɶɧɵɦ ɩɟɪɟɤɪɵɬɢɟɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɮɨɪɦɵ ɢɥɢ 
ɫɬɟɪɠɧɟɣ ɜ ɧɟɨɛɯɨɞɢɦɵɯ ɦɟɫɬɚɯ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɤɭɫɤɢ ɝɥɢɧɵ "ɦɭɲɤɢ". Ɂɚɬɟɦ 
ɞɟɥɚɸɬ ɤɨɧɬɪɨɥɶɧɨɟ ɩɟɪɟɤɪɵɬɢɟ ɮɨɪɦɵ, ɜ ɩɪɨɰɟɫɫɟ ɤɨɬɨɪɨɝɨ ɤɭɫɤɢ ɝɥɢɧɵ 
ɫɠɢɦɚɸɬɫɹ ɞɨ ɬɨɥɳɢɧɵ ɩɪɨɫɜɟɬɚ ɦɟɠɞɭ ɮɨɪɦɨɣ ɢ ɫɬɟɪɠɧɟɦ, ɱɬɨ ɞɨɥɠɧɨ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɨɥɳɢɧɟ ɬɟɥɚ ɨɬɥɢɜɤɢ. ɉɨɫɥɟ ɪɚɫɤɪɵɬɢɹ ɮɨɪɦɵ "ɦɭɲɤɢ" 
ɜɵɧɢɦɚɸɬ, ɢɡɦɟɪɹɸɬ ɢɯ ɬɨɥɳɢɧɭ ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɨɩɪɟɞɟɥɹɸɬ ɜɨɡɦɨɠɧɭɸ 
ɬɨɥɳɢɧɭ ɫɬɟɧɤɢ ɨɬɥɢɜɤɢ. 
Ɉɛɵɱɧɨ ɫɬɟɪɠɧɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɜ ɧɢɠɧɸɸ ɩɨɥɭɮɨɪɦɭ ɧɚ ɡɧɚɤɚɯ, 
ɨɞɧɚɤɨ ɢɧɨɝɞɚ, ɜ ɭɫɥɨɜɢɹɯ ɟɞɢɧɢɱɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɫɬɟɪɠɟɧɶ ɤɪɟɩɹɬ ɜ 
ɜɟɪɯɧɟɣ ɩɨɥɭɮɨɪɦɟ. ɗɬɚ ɨɩɟɪɚɰɢɹ, ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ, ɨɫɨɛɟɧɧɨ 
ɬɳɚɬɟɥɶɧɨ, ɬɚɤ ɤɚɤ ɧɟɞɨɫɬɚɬɨɱɧɨ ɧɚɞɟɠɧɨɟ ɤɪɟɩɥɟɧɢɟ ɫɬɟɪɠɧɹ ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ ɤ ɨɬɪɵɜɭ ɟɝɨ ɨɬ ɮɨɪɦɵ ɩɪɢ ɫɛɨɪɤɟ, ɩɨɥɨɦɤɟ ɮɨɪɦɵ ɫɬɟɪɠɧɹ, ɢ ɞɚɠɟ 
ɤ ɧɟɫɱɚɫɬɧɵɦ ɫɥɭɱɚɹɦ. 
ȼ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ ɞɥɹ ɛɨɥɶɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɬɟɪɠɧɹ ɜ ɮɨɪɦɟ ɩɪɢ 
ɟɟ ɡɚɥɢɜɤɟ ɦɟɬɚɥɥɨɦ ɫɬɟɪɠɟɧɶ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɠɟɪɟɛɟɣɤɢ - ɠɟɫɬɤɢɟ 
ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɨɩɨɪɵ. ȼɵɫɨɬɚ ɠɟɪɟɛɟɣɤɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɨɥɳɢɧɟ ɬɟɥɚ 
ɨɬɥɢɜɤɢ. ɋɩɥɚɜ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɠɟɪɟɛɟɣɤɢ ɨɛɵɱɧɨ ɜɵɛɢɪɚɸɬ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɥɢɜɚɟɦɵɦ ɜ ɮɨɪɦɭ ɫɩɥɚɜɨɦ.  
ɉɨɜɟɪɯɧɨɫɬɶ ɠɟɪɟɛɟɟɤ ɞɨɥɠɧɚ ɛɵɬɶ ɱɢɫɬɨɣ, ɛɟɡ ɫɥɟɞɨɜ ɪɠɚɜɱɢɧɵ, 
ɜɥɚɝɢ ɢ ɦɚɫɥɚ. ɉɪɢ ɩɨɞɝɨɬɨɜɤɟ ɠɟɪɟɛɟɣɤɢ ɩɟɫɤɨɫɬɪɭɹɬ, ɱɚɫɬɨ ɨɤɪɚɲɢɜɚɸɬ 
ɚɥɸɦɢɧɢɟɜɨɣ ɤɪɚɫɤɨɣ, ɢɧɨɝɞɚ ɥɭɞɹɬ. ɑɢɫɬɵɟ ɠɟɪɟɛɟɣɤɢ ɯɨɪɨɲɨ ɫɜɚɪɢɜɚɸɬɫɹ 
ɫ ɨɫɧɨɜɧɵɦ ɦɟɬɚɥɥɨɦ ɨɬɥɢɜɤɢ ɢ ɧɟ ɜɵɡɵɜɚɸɬ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɤɨɜɢɧ ɢɥɢ 
ɞɪɭɝɢɯ ɧɟɫɩɥɨɲɧɨɫɬɟɣ. Ɉɞɧɚɤɨ ɞɥɹ ɨɬɥɢɜɨɤ, ɪɚɛɨɬɚɸɳɢɯ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 
ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ, ɩɪɢɦɟɧɹɬɶ ɠɟɪɟɛɟɣɤɢ ɧɟɠɟɥɚɬɟɥɶɧɨ, ɚ ɢɧɨɝɞɚ 
ɧɟɞɨɩɭɫɬɢɦɨ. 
 
 
 
 
 
50 
 
7 Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌ3-1Ʌ 
 
ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ (ɜ %) ɦɚɬɟɪɢɚɥɚ ȼɌ3-1Ʌ 
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Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ȼɌ3-1Ʌ 
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Ɉɬɥɢɜɤɢ ɢɡ ɫɩɥɚɜɚ ȼɌ3-1Ʌ ɢɫɩɨɥɶɡɭɸɬɫɹ: 
 ɧɟɮɬɟ - ɝɚɡɨɞɨɛɵɱɟ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ (ɛɭɪɢɥɶɧɵɟ ɩɟɪɮɨɪɚɬɨɪɵ, 
ɬɪɭɛɵ); 
 ɯɢɦɢɱɟɫɤɨɣ, ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ (ɧɚɫɨɫɵ, ɰɟɧɬɪɢɮɭɝɢ, 
ɫɟɩɚɪɚɬɨɪɵ, ɰɢɫɬɟɪɧɵ);  
 ɚɜɢɚɫɬɪɨɟɧɢɟ — ɫɨɫɬɚɜɥɹɸɳɢɟ ɤɨɪɩɭɫɚ, ɤɪɵɥɶɟɜ, ɩɪɢɜɨɞɵ, 
ɧɟɫɭɳɢɟ ɜɢɧɬɵ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ; 
 ɫɭɞɨɫɬɪɨɟɧɢɟ — ɨɛɲɢɜɤɚ ɛɨɪɬɨɜ, ɜɢɧɬɵ, ɞɟɬɚɥɢ ɭɫɬɪɨɣɫɬɜ; 
 ɪɚɤɟɬɨɫɬɪɨɟɧɢɟ, ɤɨɫɦɢɱɟɫɤɚɹ ɬɟɯɧɢɤɚ — ɨɫɧɨɜɧɵɟ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ, ɱɚɫɬɢ ɩɪɢɛɨɪɨɜ [18]. 
 
7.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɬɥɢɜɤɢ ɩɪɟɞɫɬɚɜɢɬɟɥɹ 
 
ȼ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɚ ɨɬɥɢɜɤɚ – ɨɛɪɚɬɧɵɣ ɤɥɚɩɚɧ, 
ɢɡ ɫɩɥɚɜɚ ȼɌ3-1Ʌ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫ. 20. 
Ɍɢɬɚɧɨɜɵɟ ɤɥɚɩɚɧɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɫɢɫɬɟɦɚɯ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ 
ɨɬɨɩɥɟɧɢɹ, ɷɧɟɪɝɨɫɢɫɬɟɦɚɯ, ɧɟɮɬɟ- ɢ ɝɚɡɨɩɪɨɜɨɞɚɯ. Ɍɢɬɚɧɨɜɵɟ ɤɥɚɩɚɧɵ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɪɚɫɫɱɢɬɚɧɵ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɢɟ 
ɞɚɜɥɟɧɢɹ, ɱɟɦ ɜ ɨɛɵɱɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɚɯ. 
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Ɍɢɩ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɢ ɦɚɬɟɪɢɚɥ ɩɪɨɤɥɚɞɤɢ ɜɵɛɢɪɚɸɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɤɥɚɩɚɧɚ: ɞɚɜɥɟɧɢɹ, ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɨɪɪɨɡɢɨɧɧɵɯ 
ɫɜɨɣɫɬɜ ɫɪɟɞɵ.  
. 
 
 
Ɋɢɫɭɧɨɤ 20 – Ʉɨɪɩɭɫ ɨɛɪɚɬɧɨɝɨ ɤɥɚɩɚɧɚ ɢɡ ɫɩɥɚɜɚ ȼɌ3-1Ʌ 
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ɩɪɨɰɟɫɫɨɜ. ɍɱɢɬɵɜɚɹ ɷɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɧɚ ɬɚɤɢɯ ɫɪɟɞɚɯ, ɤɚɤ ɜɥɚɠɧɵɣ ɯɥɨɪ-
ɝɚɡ, ɪɚɫɫɨɥ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɬɢɬɚɧɨɜɭɸ ɚɪɦɚɬɭɪɭ. 
ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɫɬɨɢɦɨɫɬɶ ɬɢɬɚɧɨɜɨɣ ɚɪɦɚɬɭɪɵ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ 
ɜɵɲɟ ɫɬɨɢɦɨɫɬɢ ɝɭɦɦɢɪɨɜɚɧɧɨɣ, ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ 
ɛɨɥɟɟ ɞɨɪɨɝɭɸ ɬɢɬɚɧɨɜɭɸ ɚɪɦɚɬɭɪɭ.  
Ɍɚɤ, ɫɬɨɢɦɨɫɬɶ ɬɢɬɚɧɨɜɨɝɨ ɜɟɧɬɢɥɹ Ⱦy 150 ɦɦ ɫɨɫɬɚɜɥɹɟɬ 10 ɬɵɫ. ɪɭɛ., ɚ 
ɫɬɨɢɦɨɫɬɶ ɪɟɦɨɧɬɚ ɝɭɦɦɢɪɨɜɚɧɧɨɝɨ ɜɟɧɬɢɥɹ - 1 ɬɵɫ. ɪɭɛ.; ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɡɚɬɪɚɬɵ ɧɚ ɬɢɬɚɧɨɜɵɣ ɜɟɧɬɢɥɶ ɨɤɭɩɹɬɫɹ ɜ ɬɟɱɟɧɢɟ ɨɞɧɨɝɨ ɝɨɞɚ.  
Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɤɨɪɩɭɫɚ ɨɛɪɚɬɧɨɝɨ ɤɥɚɩɚɧɚ, ɜ ɪɚɡɪɟɡɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 21. 
 
 
 
Ɋɢɫɭɧɨɤ 21 – Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɤɨɪɩɭɫɚ ɨɛɪɚɬɧɨɝɨ ɤɥɚɩɚɧɚ, ɜ 
ɪɚɡɪɟɡɟ ɢɡ ɫɩɥɚɜɚ ȼɌ3-1Ʌ 
 
  7.2 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɩɪɨɝɪɚɦɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ  
 
ɉɪɢ ɪɚɫɱɺɬɟ ɩɥɨɳɚɞɟɣ ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ 
ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɧɚɫɬɵɥɟɣ ɧɚ ɫɬɟɧɤɚɯ ɮɨɪɦɵ, 
ɭɦɟɧɶɲɚɸɳɢɯ ɢɯ ɮɚɤɬɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ (ɬɚɛɥ. 10). 
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 Ɍɚɛɥɢɰɚ 10 - Ɍɨɥɳɢɧɚ ɧɚɫɬɵɥɢ ɜ ɷɥɟɦɟɧɬɚɯ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ  ɫɢɫɬɟɦɵ 
 
 
 
ɋɯɟɦɚ ɬɢɩɨɜɨɣ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ ɞɥɹ ɫɬɚɰɢɨɧɚɪɧɨɣ 
ɡɚɥɢɜɤɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 22. ɉɪɢ ɫɬɚɰɢɨɧɚɪɧɨɣ ɡɚɥɢɜɤɟ ɦɟɬɚɥɥ ɢɡ 
ɩɥɚɜɢɥɶɧɨɝɨ ɬɢɝɥɹ ɩɨɫɬɭɩɚɟɬ ɜ ɥɢɬɧɢɤɨɜɭɸ ɜɨɪɨɧɤɭ (ɡɚɥɢɜɨɱɧɵɣ ɠɟɥɨɛ), 
ɡɚɬɟɦ ɱɟɪɟɡ ɥɢɬɧɢɤɨɜɭɸ ɜɬɭɥɤɭ (ɧɚɫɚɞɤɭ) ɜ ɥɢɬɧɢɤɨɜɭɸ ɱɚɲɭ, ɞɚɥɟɟ ɜ ɫɬɨɹɤ, 
ɥɢɬɧɢɤɨɜɵɟ ɯɨɞɵ, ɩɢɬɚɬɟɥɢ ɢ ɜ ɩɨɥɨɫɬɶ ɮɨɪɦɵ. 
 
 Ɋɢɫɭɧɨɤ 22 - Ɍɢɩɨɜɚɹ ɫɯɟɦɚ ɥɢɬɧɢɤɨɜɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɫɬɚɰɢɨɧɚɪɧɨɣ ɡɚɥɢɜɤɢ 
ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ: 1 – ɫɥɢɜɧɨɣ ɧɨɫɨɤ ɬɢɝɥɹ; 2 – ɡɚɥɢɜɨɱɧɵɣ ɠɟɥɨɛ; 
3 – ɥɢɬɧɢɤɨɜɚɹ ɜɬɭɥɤɚ; 4 - ɥɢɬɧɢɤɨɜɚɹ ɱɚɲɚ; 5 – ɫɬɨɹɤ; 6 – ɥɢɬɧɢɤɨɜɵɣ ɯɨɞ; 
7 – ɩɢɬɚɬɟɥɶ; 8 – ɩɨɥɨɫɬɶ ɮɨɪɦɵ 
 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɧɹɬɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɤɢ 
ɨɬɞɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɥɢɬɧɢɤɨɜɨɣ ɫɢɫɬɟɦɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɤɥɸɱɟɧɵ, ɧɚɩɪɢɦɟɪ, 
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ɥɢɬɧɢɤɨɜɚɹ ɜɨɪɨɧɤɚ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɣ ɡɚɥɢɜɤɟ ɢɥɢ ɥɢɬɧɢɤɨɜɵɟ ɯɨɞɵ ɩɪɢ 
ɳɟɥɟɜɵɯ ɩɢɬɚɬɟɥɹɯ. 
Ʌɢɬɧɢɤɨɜɚɹ ɜɨɪɨɧɤɚ (ɡɚɥɢɜɨɱɧɵɣ ɠɟɥɨɛ) ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɢɡ ɬɢɬɚɧɨɜɵɯ 
ɫɩɥɚɜɨɜ ɢɥɢ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ɦɚɪɤɢ 12ɏ18ɇ9ɌɅ ɦɟɬɨɞɨɦ ɥɢɬɶɹ, ɢɥɢ ɢɡ 
ɥɢɫɬɚ ɩɨɫɪɟɞɫɬɜɨɦ ɫɜɚɪɤɢ. 
Ʌɢɬɧɢɤɨɜɚɹ ɜɬɭɥɤɚ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɢɡ ɝɪɚɮɢɬɚ (ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ 
ɦɚɪɤɢ ȽɆɁ).  
ɋɬɚɰɢɨɧɚɪɧɚɹ ɡɚɥɢɜɤɚ ɮɨɪɦ ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ 
ɨɫɧɨɜɧɵɦ ɫɯɟɦɚɦ: 
 ɡɚɥɢɜɤɚ ɨɞɧɨɣ ɮɨɪɦɵ ɱɟɪɟɡ ɥɢɬɧɢɤɨɜɭɸ ɱɚɲɭ; 
 ɡɚɥɢɜɤɚ ɧɟɫɤɨɥɶɤɢɯ ɮɨɪɦ ɨɞɧɨɜɪɟɦɟɧɧɨ ɱɟɪɟɡ ɰɟɧɬɪɚɥɶɧɵɣ 
ɫɬɨɹɤ; 
 ɡɚɥɢɜɤɚ ɮɨɪɦɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɱɟɪɟɡ ɥɢɬɧɢɤɨɜɭɸ ɱɚɲɭ ɛɟɡ 
ɥɢɬɧɢɤɨɜɨɣ ɜɨɪɨɧɤɢ. 
Ʌɢɬɧɢɤɨɜɚɹ ɱɚɲɚ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɩɨ ɩɪɨɰɟɫɫɭ ɚɧɚɥɨɝɢɱɧɨɦɭ 
ɢɡɝɨɬɨɜɥɟɧɢɸ ɮɨɪɦ. Ɉɛɴɺɦ ɱɚɲɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɧɢɦɚɬɶ ɪɚɜɧɵɦ 30 – 40% 
ɨɬ ɨɛɴɺɦɚ ɡɚɥɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ. 
Ʉɨɧɮɢɝɭɪɚɰɢɹ ɢ ɪɚɡɦɟɪɵ ɥɢɬɧɢɤɨɜɵɯ ɱɚɲ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɩɥɚɜɢɥɶɧɨ-ɡɚɥɢɜɨɱɧɨɝɨ ɚɝɪɟɝɚɬɚ ɢ ɪɚɡɦɟɪɨɜ ɡɚɥɢɜɚɟɦɵɯ 
ɮɨɪɦ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 
ɋɬɨɹɤ ɞɥɹ ɫɬɚɰɢɨɧɚɪɧɨɣ ɡɚɥɢɜɤɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɤɪɭɝɥɨɝɨ 
ɫɟɱɟɧɢɹ ɫ ɧɟɨɛɯɨɞɢɦɵɦ ɥɢɬɟɣɧɵɦ ɭɤɥɨɧɨɦ. ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɫɬɨɹɤɚ ɞɨɥɠɟɧ 
ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧ ɡɭɦɩɮ ɞɥɹ ɫɨɡɞɚɧɢɹ «ɩɨɞɭɲɤɢ» ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ, 
ɝɚɫɹɳɟɣ ɷɧɟɪɝɢɸ ɩɚɞɚɸɳɟɣ ɫɬɪɭɢ. ɉɪɢ ɡɚɥɢɜɤɟ ɤɪɭɩɧɵɯ ɨɬɥɢɜɨɤ ɧɚ ɞɧɨ 
ɡɭɦɩɮɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɝɪɚɮɢɬɨɜɭɸ ɩɥɚɫɬɢɧɭ ɢɥɢ ɫɬɚɤɚɧ. ɋɨɩɪɹɠɟɧɢɟ 
ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ ɞɨɥɠɧɨ ɛɵɬɶ ɩɥɚɜɧɵɦ ɫ ɪɚɞɢɭɫɨɦ 
ɩɟɪɟɯɨɞɚ ɧɟ ɦɟɧɟɟ 0,5 ɞɢɚɦɟɬɪɚ ɥɢɬɧɢɤɨɜɨɝɨ ɯɨɞɚ. 
Ⱦɥɹ ɭɥɚɜɥɢɜɚɧɢɹ ɩɟɪɜɵɯ ɩɨɪɰɢɣ ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɮɨɪɦɭ ɦɟɬɚɥɥɚ, 
ɫɨɞɟɪɠɚɳɢɯ ɩɨɜɵɲɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɤɥɸɱɟɧɢɣ (ɝɚɡɨɜɵɯ ɢ 
ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ) ɢ ɢɦɟɸɳɢɯ ɩɨɧɢɠɟɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, ɜ ɤɨɧɰɟ 
ɥɢɬɧɢɤɨɜɵɯ ɯɨɞɨɜ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɬɭɩɢɤɨɜɵɟ ɨɬɜɨɞɵ, ɞɥɢɧɚ ɤɨɬɨɪɵɯ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɢɥɢ ɛɨɥɶɲɟɣ ɞɢɚɦɟɬɪɚ ɥɢɬɧɢɤɨɜɨɝɨ ɯɨɞɚ. 
Ɋɚɫɱɺɬ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ ɜɵɩɨɥɧɟɧ ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɢɯ 
ɭɫɥɨɜɢɣ: ɦɚɫɫɚ ɨɬɥɢɜɤɢ ɤɨɪɩɭɫɚ ɨɛɪɚɬɧɨɝɨ ɤɥɚɩɚɧɚ (ɫ ɭɱɺɬɨɦ ɩɪɢɩɭɫɤɨɜ, ɞɥɹ 
ɨɬɥɢɜɨɤ, ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɯ ɜ ɭɩɥɨɬɧɹɟɦɵɯ ɮɨɪɦɚɯ ɩɨ ȽɈɋɌ Ɋ 53464-2009) – 
300 ɤɝ.  
ɑɢɫɥɨ ɨɬɥɢɜɨɤ ɜ ɮɨɪɦɟ – 1.  
ɉɪɟɨɛɥɚɞɚɸɳɚɹ ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɨɬɥɢɜɤɢ – 20ɦɦ.  
Ɋɚɫɱɟɬ ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ  ɫɢɫɬɟɦɵ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɣ 
ɡɚɥɢɜɤɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɩɨɫɨɛɢɸ Ɍɢɬɨɜɚ Ⱥ.ȼ. ɉɪɨɢɡɜɨɞɫɬɜɨ ɨɬɥɢɜɨɤ ɢɡ 
ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, 2015ɝ., ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ: 
1. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɡɚɥɢɜɤɢ ɮɨɪɦɵ 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ ɨɬɥɢɜɤɢ ɩɨ ɮɨɪɦɭɥɟ 
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 Ĳɡɚɥ=ȝĲ0 (1+ n),                                                                                             (1) 
 
ɝɞɟ Ĳ0 - ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɡɚɩɨɥɧɟɧɢɹ ɮɨɪɦɵ ɛɟɡ ɭɱɺɬɚ ɩɪɢɛɵɥɟɣ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ 
 Ĳ0=0,273(1,15δ+0,25)                                                                                    (2) 
 δ - ɩɪɟɨɛɥɚɞɚɸɳɚɹ ɬɨɥɳɢɧɚ ɫɬɟɧɨɤ ɨɬɥɢɜɤɢ, ɦɦ; ȝ - ɤɨɷɮɮɢɰɢɟɧɬ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɬɟɪɶ (ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,8); 
n - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɨɥɧɟɧɢɹ ɩɪɢɛɵɥɟɣ ɢ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ. 
 
Ĳ0 = 0,273(1,15*20+0,25) = 6,3 ɫ 
 
Ʉɨɷɮɮɢɰɢɟɧɬ n ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
    n =  – 1,                                                                                                (3) 
 
ɝɞɟ K - ɜɵɯɨɞ ɝɨɞɧɨɝɨ %. 
 
K =  
 
n =  – 1=1,5 
 
Ĳɡɚɥ=0,8*6,3 (1+ 1,5) = 12,6 ɫ 
 
2. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜɟɫɨɜɚɹ ɫɤɨɪɨɫɬɶ ɡɚɥɢɜɤɢ ɩɨ ɮɨɪɦɭɥɟ 
 
  G= ,                                                                                                        (4) 
 
ɝɞɟ Mɠ- ɦɚɫɫɚ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɧɚ ɮɨɪɦɭ, ɤɝ. 
 
G = 
 
= 59,52 ɤɝ/ɫɟɤ 
 
3. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ  ɜɬɭɥɤɢ ɜ 
ɥɢɬɧɢɤɨɜɨɣ ɱɚɲɟ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɧɹɬɨɣ ɫɯɟɦɵ ɡɚɥɢɜɤɢ) ɩɨ ɮɨɪɦɭɥɟ 
 
 F = ,                                                                                                   (5) 
 
ɝɞɟ ȝ - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɪɚɜɧɵɣ 0,97; H - ɧɚɩɨɪ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ 
ɡɚɥɢɜɨɱɧɨɦ ɠɟɥɨɛɟ. 
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ȼɵɱɢɫɥɹɟɦ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɥɢɬɧɢɤɨɜɨɣ ɜɬɭɥɤɢ (ɧɚɩɨɪ 
ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 500ɦɦ) 
 
F =  = 43,74 ɫɦ2 
 
4. ɉɨ ɮɨɪɦɭɥɟ (6) ɨɩɪɟɞɟɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɩɥɨɳɚɞɟɣ ɩɨɩɟɪɟɱɧɵɯ 
ɫɟɱɟɧɢɣ ɨɫɬɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ. Ⱦɥɹ 
ɫɬɚɰɢɨɧɚɪɧɨɣ ɡɚɥɢɜɤɢ ɮɨɪɦ ɪɟɤɨɦɟɧɞɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ 
ɩɥɨɳɚɞɟɣ ɫɟɱɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ: 
 
 ,                                                                      (6) 
 
ɝɞɟ Fɩɢɬ, Fɥ.ɯ.Fc - ɫɭɦɦɚɪɧɵɟ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ ɥɢɬɧɢɤɨɜɨɣ ɱɚɲɢ. 
 
 
Fɥ.ɱ.= 0,95*F0=41,5 ɫɦ2 
 
Fɫɬ.= 0,95*F0=41,5 ɫɦ2 
 
 
 
 
 
Dɥ.ɱ. ɢ Dɫɬ. ɪɚɜɧɵ. Ɉɩɪɟɞɟɥɢɦ ɪɚɞɢɭɫ ɫɬɨɹɤɚ ɩɨ ɩɥɨɳɚɞɢ. 
 
 
 
Ɍɚɤ ɤɚɤ ɨɛɳɟɟ ɫɟɱɟɧɢɟ ɬɪɟɯ ɩɢɬɚɬɟɥɟɣ ɞɥɹ ɨɬɥɢɜɤɢ ɫɨɫɬɚɜɥɹɟɬ: 
,  
ɭɡɧɚɟɦ ɫɟɱɟɧɢɟ ɞɥɹ ɨɞɧɨɝɨ ɩɢɬɚɬɟɥɹ Fɩ =  = 17,49  
 
Ⱦɚɥɟɟ ɧɚɣɞɟɦ ɪɚɞɢɭɫ ɩɢɬɚɬɟɥɹ ɩɨ ɩɥɨɳɚɞɢ: 
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ɉɨɥɭɱɢɜ ɪɚɞɢɭɫ, ɨɩɪɟɞɟɥɢɦ ɞɢɚɦɟɬɪ  
Ⱦ = R*2= 2,36*2 = 4,72 ɫɦ 
 
Ɉɛɳɟɟ ɫɟɱɟɧɢɟ ɥɢɬɧɢɤɨɜɨɝɨ ɯɨɞɚ ɞɥɹ ɨɬɥɢɜɤɢ ɫɨɫɬɚɜɥɹɟɬ: 
, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, Fɥ.ɯ. =  = 26,24  
 
Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɢɦ ɪɚɞɢɭɫ: 
  
 
ɉɨɥɭɱɢɜ ɪɚɞɢɭɫ, ɨɩɪɟɞɟɥɢɦ ɞɢɚɦɟɬɪ  
Ⱦ = R*2= 2,82*2 = 5,64 ɫɦ 
 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɢɦɟɟɦ: 
           
 
Ƚɨɬɨɜɚɹ ɥɢɬɧɢɤɨɜɚɹ ɫɢɫɬɟɦɚ ɞɥɹ ɞɚɧɧɨɣ ɨɬɥɢɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫ.23. 
 
 
Ɋɢɫɭɧɨɤ 23 – Ʌɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɚɹ ɫɢɫɬɟɦɚ  
1 – ɥɢɬɧɢɤɨɜɚɹ ɱɚɲɚ; 2 – ɫɬɨɹɤ; 3 – ɥɢɬɧɢɤɨɜɵɣ ɯɨɞ; 4 – ɩɢɬɚɬɟɥɢ 
 
1 
2 
3 
4 
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Ɋɚɫɱɟɬ ɩɪɢɛɵɥɟɣ. 
Ɉɫɧɨɜɧɵɦ ɧɚɡɧɚɱɟɧɢɟɦ ɩɪɢɛɵɥɟɣ ɹɜɥɹɟɬɫɹ ɩɢɬɚɧɢɟ ɬɟɪɦɢɱɟɫɤɢɯ ɭɡɥɨɜ 
ɢ ɫɬɟɧɨɤ ɨɬɥɢɜɨɤ, ɚ ɬɚɤɠɟ ɧɚɩɪɚɜɥɟɧɧɨɟ ɭɞɚɥɟɧɢɟ ɝɚɡɨɜ ɢɡ ɮɨɪɦ ɢ ɠɢɞɤɨɝɨ 
ɦɟɬɚɥɥɚ ɜ ɩɪɨɰɟɫɫɟ ɢɯ ɡɚɥɢɜɤɢ ɢ ɡɚɬɜɟɪɞɟɜɚɧɢɹ. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɪɚɡɦɟɳɟɧɢɹ ɩɪɢɛɵɥɟɣ ɞɨɥɠɧɵ ɛɵɬɶ 
ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɜɫɟ ɦɟɪɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɜɨɛɨɞɧɨɝɨ ɜɵɯɨɞɚ ɝɚɡɨɜ ɢ 
ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɜɫɩɥɵɬɢɹ ɝɚɡɨɜɵɯ ɜɤɥɸɱɟɧɢɣ ɜ ɩɪɢɛɵɥɶ, ɬɚɤ ɤɚɤ ɭɞɚɥɟɧɢɟ 
ɝɚɡɨɜ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɱɟɪɟɡ ɩɨɪɵ ɮɨɪɦɵ ɡɚɬɪɭɞɧɟɧɨ ɜɫɥɟɞɫɬɜɢɟ 
ɛɵɫɬɪɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɪɤɢ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɦɟɬɚɥɥɚ. 
Ⱦɥɹ ɩɢɬɚɧɢɹ ɨɬɥɢɜɨɤ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 
ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɩɪɢɛɵɥɢ ɫɥɟɞɭɸɳɢɯ ɬɢɩɨɜ: 
 
 ɜɟɪɯɧɢɟ (ɡɚɤɪɵɬɵɟ ɢ ɨɬɤɪɵɬɵɟ); 
 ɛɨɤɨɜɵɟ (ɨɬɜɨɞɧɵɟ); 
 ɝɨɪɢɡɨɧɬɚɥɶɧɨ-ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ; 
 ɩɨɥɭɲɚɪɨɜɵɟ. 
Ⱦɥɹ ɩɪɢɛɵɥɟɣ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ ɮɥɚɧɰɚɯ, ɪɟɤɨɦɟɧɞɭɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɪɚɡɦɟɪɵ: 
 ɲɢɪɢɧɚ ɩɪɢɛɵɥɢ «ȼ» – 0,4 - 0,8 ɨɬ ɞɢɚɦɟɬɪɚ ɩɢɬɚɟɦɨɝɨ ɮɥɚɧɰɚ; 
 ɬɨɥɳɢɧɚ ɩɪɢɛɵɥɢ «Ɍ» – 1,2 - 1,5 ɨɬ ɬɨɥɳɢɧɵ ɮɥɚɧɰɚ (ɜ ɡɨɧɟ 
ɫɨɩɪɹɠɟɧɢɹ ɫ ɮɥɚɧɰɟɦ); 
 ɜɵɫɨɬɚ ɩɪɢɛɵɥɢ – 0,4 - 0,8 ɨɬ ɞɢɚɦɟɬɪɚ ɮɥɚɧɰɚ, ɧɨ ɧɟ ɦɟɧɟɟ 1,2 ɨɬ 
ɬɨɥɳɢɧɵ ɮɥɚɧɰɚ (ɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɲɢɪɢɧɵ ɢ ɜɵɫɨɬɵ ɩɪɢɛɵɥɟɣ ɨɬɧɨɫɹɬɫɹ 
ɤ ɨɬɥɢɜɤɚɦ, ɡɚɥɢɜɚɟɦɵɦ ɰɟɧɬɪɨɛɟɠɧɵɦ ɫɩɨɫɨɛɨɦ); 
 ɭɤɥɨɧ ɞɥɹ ɩɪɢɛɵɥɟɣ ɜɵɫɨɬɨɣ ɞɨ 150 ɦɦ – ɞɨ 10°, ɞɥɹ ɩɪɢɛɵɥɟɣ 
ɜɵɫɨɬɨɣ ɛɨɥɶɲɟ 150 ɦɦ – 6 - 7°. 
ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɨɩɪɟɞɟɥɹɟɦ ɪɚɡɦɟɪɵ ɩɪɢɛɵɥɢ: 
Ⱦɢɚɦɟɬɪ ɛɨɤɨɜɵɯ ɭɡɥɨɜ ɨɬɥɢɜɤɢ – 500 ɦɦ; 
ɒɢɪɢɧɚ ɩɪɢɛɵɥɢ 500*0,8 = 400 ɦɦ; 
Ɍɨɥɳɢɧɚ ɩɪɢɛɵɥɢ (ɭ ɨɫɧɨɜɚɧɢɹ) 52*1,2 = 62,4 ɦɦ; 
ȼɵɫɨɬɚ ɩɪɢɛɵɥɢ 500*0,6 = 300 ɦɦ; 
Ɇɚɫɫɚ ɩɪɢɛɵɥɢ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɜ ɩɪɨɝɪɚɦɦɟ Solid Works ɩɨ 
ɜɵɛɪɚɧɧɵɦ ɪɚɡɦɟɪɚɦ, ɢ ɜɟɫ ɟɟ ɫɨɫɬɚɜɢɥ 78,28 ɤɝ; 
Ⱦɢɚɦɟɬɪ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɨɬɥɢɜɤɢ – 414 ɦɦ; 
ɒɢɪɢɧɚ ɩɪɢɛɵɥɢ 414*05 = 207 ɦɦ; 
Ɍɨɥɳɢɧɚ ɩɪɢɛɵɥɢ 414*1,2 = 496,8; 
ȼɵɫɨɬɚ ɩɪɢɛɵɥɢ 414*0,6 = 248,4 ɦɦ 
Ɇɚɫɫɚ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɜ ɩɪɨɝɪɚɦɦɟ Solid Works ɩɨ ɜɵɛɪɚɧɧɵɦ 
ɪɚɡɦɟɪɚɦ, ɢ ɜɟɫ ɟɟ ɫɨɫɬɚɜɢɥ 114,73 ɤɝ; 
Ɇɚɫɫɚ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɢɟɣ ɫɢɫɬɟɦɵ 50,43 ɤɝ; 
Ɇɟɬɚɥɥɨɟɦɤɨɫɬɶ ɨɬɥɢɜɤɢ ɫɨɫɬɚɜɥɹɟɬ: 
G=Gɩ+Gɥ+Gɨ                                                                                               
G=78,28*3+114,73+300+50,43 = 700 ɤɝ  
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Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɜɵɯɨɞ ɝɨɞɧɨɝɨ: 
K =  
Ɉɬɥɢɜɤɚ ɫ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɨɣ, ɜɵɩɨɥɧɟɧɧɚɹ ɜ Solid Works, 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 24. 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ 
ɫɢɫɬɟɦɵ ɩɪɢɦɟɧɢɦ ɩɪɨɝɪɚɦɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɹ LVMFlowCV. 
ɉɪɢɦɟɧɟɧɢɟ LVMFlowCV ɩɨɡɜɨɥɹɟɬ:   
 ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɪɟɠɢɦɵ ɡɚɥɢɜɤɢ ɫɩɥɚɜɚ ɢ ɡɚɬɜɟɪɞɟɜɚɧɢɹ 
ɨɬɥɢɜɤɢ;  
 ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɥɢɬɧɢɤɨɜɭɸ ɫɢɫɬɟɦɭ.  
 ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫɵ ɥɢɬɶɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ (ɭɝɥɟɪɨɞɢɫɬɵɟ ɫɬɚɥɢ; ɥɟɝɢɪɨɜɚɧɧɵɟ ɫɬɚɥɢ; ɱɭɝɭɧɵ ɫɟɪɵɟ, ɛɟɥɵɟ, 
ɤɨɜɤɢɟ ɢ ɜɵɫɨɤɨɩɪɨɱɧɵɟ; ɚɥɸɦɢɧɢɟɜɵɟ, ɬɢɬɚɧɨɜɵɟ, ɛɪɨɧɡɨɜɵɟ, ɦɚɝɧɢɟɜɵɟ 
ɫɩɥɚɜɵ, ɚ ɬɚɤɠɟ ɫɩɥɚɜɵ ɧɚ ɧɢɤɟɥɟɜɨɣ ɢ ɦɟɞɧɨɣ ɨɫɧɨɜɟ ɢ ɞɪ.)  
Ɍɚɤɠɟ LVMFlowCV ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɤɨɪɹɟɬ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɭɸ ɪɚɛɨɬɭ 
ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɨɬɥɢɜɨɤ, ɨɛɟɫɩɟɱɢɜɚɹ ɯɨɪɨɲɟɟ ɫɨɜɩɚɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɪɚɫɱɟɬɚ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. 
Ⱥɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ ɜ ɫɢɫɬɟɦɟ 
ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ LWMFlowCV ɫɨɫɬɨɢɬ ɢɡ 
ɫɥɟɞɭɸɳɢɯ ɩɪɢɟɦɨɜ ɢ ɷɬɚɩɨɜ: 
1. Ʉɨɧɜɟɪɬɚɰɢɹ ɝɟɨɦɟɬɪɢɢ ɨɬɥɢɜɤɢ ɜ ɮɨɪɦɚɬ LVMFlowCV. 
2. ɋɨɡɞɚɧɢɟ ɪɚɫɱɟɬɧɨɣ ɤɨɧɟɱɧɨ-ɨɛɴɟɦɧɨɣ ɫɟɬɤɢ.  
3. Ɂɚɞɚɧɢɟ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ.  
4. Ɂɚɞɚɧɢɟ ɩɪɟɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ. 
5. ɉɪɨɜɟɞɟɧɢɟ ɪɚɫɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ.  
6. Ʉɨɧɬɪɨɥɶ ɢɡɦɟɧɟɧɢɣ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ.  
7. Ɋɚɫɱɟɬ ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɜ ɨɬɥɢɜɤɟ.  
 
 Ɋɢɫɭɧɨɤ 24 - Ɉɬɥɢɜɤɚ ɫ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɨɣ, ɜɵɩɨɥɧɟɧɧɚɹ ɜ 
Solid Works 
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ɇɚ ɪɢɫɭɧɤɟ 25 ɩɪɢɜɟɞɟɧ ɱɟɪɬɟɠ ɨɬɥɢɜɤɢ, ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-
ɩɢɬɚɸɳɟɣ ɫɢ 
 
 
Ɋɢɫɭɧɨɤ 25 – ɑɟɪɬɟɠ ɨɬɥɢɜɤɢ, ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ  ɫɢɫɬɟɦɵ. 
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Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɡɪɟɲɚɟɬ ɩɪɨɫɥɟɞɢɬɶ ɜɫɟ ɩɪɨɰɟɫɫɵ, 
ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɹɬ ɜ ɦɟɬɚɥɥɟ ɩɪɢ ɡɚɩɨɥɧɟɧɢɢ ɮɨɪɦɵ, ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɢ 
ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɭɫɚɞɨɱɧɵɯ ɞɟɮɟɤɬɨɜ. 
ȼ LVMFlowCV ɟɫɬɶ ɬɪɢ ɪɚɫɱɟɬɧɵɯ ɦɨɞɭɥɹ: «Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ», 
«Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɱɟɧɢɹ ɪɚɫɩɥɚɜɚ», «ɉɨɥɧɚɹ ɡɚɞɚɱɚ». 
ȼ ɦɨɞɭɥɟ «Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ» ɮɨɪɦɚ ɫɧɚɱɚɥɚ ɫɱɢɬɚɟɬɫɹ ɦɝɧɨɜɟɧɧɨ 
ɡɚɩɨɥɧɟɧɧɨɣ ɪɚɫɩɥɚɜɨɦ ɢ ɦɨɞɟɥɢɪɭɟɬɫɹ ɩɪɨɰɟɫɫ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɫɩɥɚɜɚ. ȼ 
ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɥɟɠɢɬ ɧɟɪɚɜɧɨɜɟɫɧɚɹ ɬɟɨɪɢɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɩɥɚɜɚ.  
ȼ ɦɨɞɭɥɟ «Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɱɟɧɢɹ ɪɚɫɩɥɚɜɚ» ɦɨɞɟɥɢɪɭɟɬɫɹ 
ɡɚɩɨɥɧɟɧɢɟ ɮɨɪɦɵ ɪɚɫɩɥɚɜɨɦ, ɤɨɬɨɪɨɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɬɟɱɟɧɢɟ 
ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɛɟɡ ɭɱɟɬɚ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɩɟɪɟɞɚɱɢ. 
Ɉɞɧɨɜɪɟɦɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɡɚɩɨɥɧɟɧɢɹ ɮɨɪɦɵ 
ɪɚɫɩɥɚɜɨɦ ɢ ɟɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɦɨɞɭɥɟ «ɉɨɥɧɚɹ ɡɚɞɚɱɚ». 
ɉɨ ɦɟɯɚɧɢɡɦɭ ɨɛɪɚɡɨɜɚɧɢɹ ɜɵɞɟɥɹɸɬ ɞɜɚ ɬɢɩɚ ɭɫɚɞɨɱɧɵɯ ɞɟɮɟɤɬɨɜ:  
 
1) ɪɚɤɨɜɢɧɵ (ɦɚɤɪɨɩɨɪɢɫɬɨɫɬɶ); 
2) ɦɢɤɪɨɩɨɪɢɫɬɨɫɬɶ.  
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Ɋɢɫɭɧɨɤ 26 – Ɋɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ 
ɫɢɫɬɟɦɵ 
 
 
ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɨɩɪɟɞɟɥɹɟɦ ɧɨɜɵɟ ɪɚɡɦɟɪɵ ɩɪɢɛɵɥɢ: 
Ⱦɢɚɦɟɬɪ ɛɨɤɨɜɵɯ ɭɡɥɨɜ ɨɬɥɢɜɤɢ – 500 ɦɦ; 
ɒɢɪɢɧɚ ɩɪɢɛɵɥɢ 500*0,8 = 400 ɦɦ; 
Ɍɨɥɳɢɧɚ ɩɪɢɛɵɥɢ (ɭ ɨɫɧɨɜɚɧɢɹ) 52*1,2 = 62,4 ɦɦ; 
ȼɵɫɨɬɚ ɩɪɢɛɵɥɢ 500*0,6 = 300 ɦɦ; 
 
Ɇɚɫɫɚ ɩɪɢɛɵɥɢ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɜ ɩɪɨɝɪɚɦɦɟ Solid Works ɩɨ 
ɜɵɛɪɚɧɧɵɦ ɪɚɡɦɟɪɚɦ, ɢ ɜɟɫ ɟɟ ɫɨɫɬɚɜɢɥ 85,91 ɤɝ; 
 
Ⱦɢɚɦɟɬɪ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɨɬɥɢɜɤɢ – 414 ɦɦ; 
ɒɢɪɢɧɚ ɩɪɢɛɵɥɢ 414*05 = 207 ɦɦ; 
Ɍɨɥɳɢɧɚ ɩɪɢɛɵɥɢ 414*1,2 = 496,8; 
ȼɵɫɨɬɚ ɩɪɢɛɵɥɢ 414*0,6 = 248,4 ɦɦ 
 
Ɇɚɫɫɚ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɜ ɩɪɨɝɪɚɦɦɟ Solid Works ɩɨ ɜɵɛɪɚɧɧɵɦ 
ɪɚɡɦɟɪɚɦ, ɢ ɜɟɫ ɟɟ ɫɨɫɬɚɜɢɥ 116,43 ɤɝ; 
 
Ɇɚɫɫɚ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɢɟɣ ɫɢɫɬɟɦɵ 75,43 ɤɝ; 
 
Ɇɟɬɚɥɥɨɟɦɤɨɫɬɶ ɨɬɥɢɜɤɢ ɫɨɫɬɚɜɥɹɟɬ: 
G=Gɩ+Gɥ+Gɨ                                                                                               
63 
 
G=85,91*3+116,43+300+75,43 = 749,6 ≈ 750 ɤɝ  
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɜɵɯɨɞ ɝɨɞɧɨɝɨ: 
K =  
 
Ɉɬɥɢɜɤɚ ɫ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɨɣ, ɜɵɩɨɥɧɟɧɧɚɹ ɜ Solid Works, 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 27 
 
      
. 
Ɋɢɫɭɧɨɤ 27 - Ɉɬɥɢɜɤɚ ɫ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɨɣ, ɜɵɩɨɥɧɟɧɧɚɹ ɜ 
Solid Works 
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ɇɚ ɪɢɫɭɧɤɟ 28  ɩɨɤɚɡɚɧ ɱɟɪɬɟɠ ɨɬɥɢɜɤɢ ɫ ɧɨɜɨɣ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ 
ɫɢɫɬɟɦɨɣ.  
 
 
 
Ɋɢɫɭɧɨɤ 28 – ɑɟɪɬɟɠ ɨɬɥɢɜɤɢ, ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ. 
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ɉɪɨɜɟɞɹ ɨɩɟɪɚɰɢɢ ɡɚɥɢɜɤɚ ɢ ɨɯɥɚɠɞɟɧɢɟ, ɦɵ ɩɨɥɭɱɢɥɢ ɪɟɡɭɥɶɬɚɬɵ, 
ɤɨɬɨɪɵɟ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 29. 
 
 
 
Ɋɢɫɭɧɨɤ 29 – ɂɬɨɝɨɜɵɣ ɪɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
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8. ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɨɩɟɪɚɰɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ. 
 
Ɇɧɨɸ ɪɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɨɬɥɢɜɨɤ «Ʉɨɪɩɭɫ ɨɛɪɚɬɧɨɝɨ ɤɥɚɩɚɧɚ», ɪɢɫɭɧɨɤ 30. 
 
 
 
 
Ɋɢɫɭɧɨɤ 30 – ɋɯɟɦɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ  
«Ʉɨɪɩɭɫ ɨɛɪɚɬɧɨɝɨ ɤɥɚɩɚɧɚ» 
 
ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɨɣ ɦɟɬɚɥɥɨɺɦɤɨɫɬɢ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɚɜɢɥɶɧɵɯ 
ɩɟɱɟɣ, ɜɵɛɢɪɚɟɦ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɭɸ ɩɟɱɶ «ɇɟɜɚ-5», ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɧɚ 
ɪɢɫ.31.  
 
 
 
Ɋɢɫɭɧɨɤ 31 – ȼɚɤɭɭɦɧɨ-ɞɭɝɨɜɚɹ ɩɟɱɶ «ɇɟɜɚ-5» 
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ȼɵɛɨɪ ɷɬɨɣ ɩɟɱɢ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɬɨɥɶɤɨ ɨɧɚ ɨɛɥɚɞɚɟɬ 
ɞɨɫɬɚɬɨɱɧɨɣ ɺɦɤɨɫɬɶɸ ɬɢɝɥɹ. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɱɢ «ɇɟɜɚ-5», 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 11. 
 
Ɍɚɛɥɢɰɚ 11 - Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɱɢ «ɇɟɜɚ-5» 
 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ ȿɞɢɧɢɰɚ ɢɡɦɟɪɟɧɢɹ 
Ⱦɨɩɭɫɬɢɦɨɟ 
ɡɧɚɱɟɧɢɟ 
ɍɫɬɚɧɚɜɥɢɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ (ɧɨɦɢɧɚɥɶɧɚɹ) ɤȼɬ 3200 
Ɇɨɳɧɨɫɬɶ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤȼɬ 400 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɦɚɫɫɚ ɞɜɭɯ ɩɥɚɜɢɥɶɧɵɯ ɜɚɧɧ ɩɨ ɫɥɢɜɭ ɤɝ 3000 (2*1500) 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɷɥɟɤɬɪɨɞɚ ɦɦ 1800 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɷɥɟɤɬɪɨɞɚ ɦɦ 690 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɦɚɫɫɚ ɷɥɟɤɬɪɨɞɚ ɤɝ 1500 
Ɉɫɬɚɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɯɨɥɨɞɧɨɣ ɩɟɱɢ ɛɟɡ ɮɨɪɦ ɉɚ 0,67 
Ɋɚɡɦɟɪ ɡɚɥɢɜɨɱɧɨɣ ɤɚɦɟɪɵ: 
 Ⱦɢɚɦɟɬɪ 
 ȼɵɫɨɬɚ 
ɦɦ 
 
3000 
2000 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɫɬɨɥɚ ɰɟɧɬɪɨɛɟɠɧɨɣ ɦɚɲɢɧɵ ɨɛ/ɦɢɧ 50-150 
Ɇɚɫɫɚ ɩɟɱɢ ɬ 100 
 
ɋɦɟɫɢɬɟɥɶ ɥɢɬɟɣɧɵɣ ɱɚɲɟɱɧɵɣ ɤɚɬɤɨɜɵɣ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ, 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 32. ɋɦɟɫɢɬɟɥɶ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 
ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ ɩɨ ɉȽɋ ɩɪɨɰɟɫɫɭ. ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɫɦɟɫɢɬɟɥɹ ɨɫɧɨɜɚɧ 
ɧɚ ɩɟɪɟɦɟɳɟɧɢɢ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɚɬɤɨɜ ɩɨ ɫɥɨɸ ɫɦɟɫɢ ɢ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɟɟ 
ɜɪɚɳɚɸɳɢɦɢɫɹ ɩɥɭɠɤɚɦɢ. Ⱦɚɧɧɵɣ ɬɢɩ ɫɦɟɫɢɬɟɥɹ ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ 
ɨɞɧɨɪɨɞɧɨɣ ɫɦɟɫɢ ɛɟɡ ɤɨɦɤɨɜ. ɐɢɤɥ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 5-10 ɦɢɧɭɬ. 
 
 
Ɋɢɫɭɧɨɤ 32 – ɋɦɟɫɢɬɟɥɶ ɥɢɬɟɣɧɵɣ ɱɚɲɟɱɧɵɣ ɤɚɬɤɨɜɵɣ. 
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Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɚ ɦɚɪɤɢ ȼɌ3-1Ʌ 
ɜɵɛɪɚɧ ɫɩɨɫɨɛ ɥɢɬɶɹ ɜ ɝɪɚɮɢɬɨɜɵɟ ɮɨɪɦɵ. ȼɵɛɨɪ ɨɫɧɨɜɚɧ ɧɚ ɨɩɵɬɟ ɮɢɪɦɵ 
ATI Wah Chang, an Allegheny Technologies Company Albany, OR, ɤɨɬɨɪɚɹ 
ɪɟɤɨɦɟɧɞɭɟɬ ɩɪɢ ɦɟɬɚɥɥɨɺɦɤɨɫɬɢ 1300 ɮɭɧɬɨɜ ɢ ɛɨɥɟɟ ɩɪɢɦɟɧɹɬɶ ɢɦɟɧɧɨ 
ɬɚɤɨɣ ɫɩɨɫɨɛ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ [23]. 
Ⱦɥɹ ɨɛɠɢɝɚ ɝɨɬɨɜɵɯ ɮɨɪɦ ɩɪɢɦɟɧɹɟɬɫɹ ɤɨɧɬɟɣɧɟɪ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 
ɪɢɫɭɧɤɟ 33 
 
 
 
Ɋɢɫɭɧɨɤ 33 – Ʉɨɧɬɟɣɧɟɪ ɞɥɹ ɨɛɠɢɝɚ ɝɪɚɮɢɬɨɜɵɯ ɮɨɪɦ: 
1 – ɤɪɵɲɤɚ ɤɨɧɬɟɣɧɟɪɚ; 2 – ɩɟɫɱɚɧɵɣ ɡɚɬɜɨɪ; 3 – ɤɨɧɬɟɣɧɟɪ; 4 – ɮɨɪɦɵ; 5 – 
ɝɪɚɮɢɬɨɜɚɹ ɡɚɫɵɩɤɚ 
 
ȼɵɛɢɜɧɵɟ ɪɟɲɟɬɤɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɜɵɛɢɜɤɢ ɨɬɥɢɜɨɤ ɢɡ ɮɨɪɦ ɩɨɫɥɟ 
ɡɚɥɢɜɤɢ ɢ ɜɵɞɟɪɠɤɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɡɪɭɲɟɧɢɟɦ ɮɨɪɦ. ɇɚ ɪɢɫɭɧɤɟ 34 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɢɛɪɚɰɢɨɧɧɚɹ ɜɵɛɢɜɧɚɹ ɪɟɲɟɬɤɚ. 
 
 
 
Ɋɢɫɭɧɨɤ 34 – ȼɢɛɪɚɰɢɨɧɧɚɹ ɜɵɛɢɜɧɚɹ ɪɟɲɟɬɤɚ 
 
69 
 
Ɉɛɪɟɡɤɚ ɩɪɢɛɵɥɟɣ ɢ ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɝɚɡɨɜɵɦɢ ɪɟɡɚɤɚɦɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɫɬɪɭɤɬɭɪɵ 
ɦɟɬɚɥɥɚ ɜ ɦɟɫɬɟ ɪɟɡɚ. Ⱦɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɪɢɦɟɧɹɟɬɫɹ ɨɬɠɢɝ 
ɨɬɥɢɜɨɤ ɜ ɬɟɪɦɢɱɟɫɤɢɯ ɩɟɱɚɯ, ɬɚɤɢɯ ɤɚɤ ɋȾɈ. ɇɚ ɪɢɫɭɧɤɟ 35, ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɩɟɱɶ ɋȾɈ ɞɥɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɨɬɥɢɜɨɤ. 
 
 
 
Ɋɢɫɭɧɨɤ 35  - ɉɟɱɶ ɋȾɈ ɞɥɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɨɬɥɢɜɨɤ 
 
Ɉɫɧɨɜɧɵɦɢ ɨɩɟɪɚɰɢɹɦɢ ɨɱɢɫɬɤɢ ɨɬɥɢɜɨɤ ɹɜɥɹɸɬɫɹ: ɨɱɢɫɬɤɚ ɢɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɬ ɩɪɢɝɨɪɟɜɲɟɣ ɮɨɪɦɨɜɨɱɧɨɣ ɢ ɫɬɟɪɠɧɟɜɨɣ ɫɦɟɫɢ; ɭɞɚɥɟɧɢɟ 
ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɪɢɛɵɥɟɣ; ɭɞɚɥɟɧɢɟ 
ɡɚɥɢɜɨɜ; ɨɛɪɭɛɤɚ ɢ ɡɚɱɢɫɬɤɚ. ɇɚ ɪɢɫ. 36 ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɦɟɪɚ ɨɱɢɫɬɧɚɹ 
ɞɪɨɛɟɦɟɬɧɚɹ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ 
 
 
 
Ɋɢɫɭɧɨɤ 36 - Ʉɚɦɟɪɚ ɨɱɢɫɬɧɚɹ ɞɪɨɛɟɦɟɬɧɚɹ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ 
70 
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9 Ɋɚɫɱɺɬ ɧɨɪɦ ɪɚɫɯɨɞɚ ɨɫɧɨɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
 
Ɋɚɫɫɦɨɬɪɢɦ ɬɢɬɚɧɨɜɵɣ ɫɩɥɚɜ ȼɌ3-1Ʌ, ȽɈɋɌ.19807-91. Ⱦɥɹ ɬɨɝɨ  ɱɬɨɛɵ 
ɩɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬɵ, ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ. ɂɫɯɨɞɧɵɟ 
ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 12.  
ȼɫɟ ɪɚɫɱɟɬɵ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɜ ɩɪɨɝɪɚɦɦɟ Microsoft Excel 2010. 
 
Ɍɚɛɥɢɰɚ 12 –  ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɦɟɬɚɥɥɨɡɚɜɚɥɤɢ 
 
 
 
 
 
 
 
 
 
 
 
Ⱦɥɹ ɧɚɱɚɥɚ, ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬ ɲɢɯɬɵ ɞɥɹ 
ɪɚɫɯɨɞɭɟɦɨɝɨ ɷɥɟɤɬɪɨɞɚ, ɬɚɛɥɢɰɚ 13. 
 
 Ɍɚɛɥɢɰɚ 13 – Ɋɚɫɱɟɬ ɲɢɯɬɵ ɞɥɹ ɪɚɫɯɨɞɭɟɦɨɝɨ ɷɥɟɤɬɪɨɞɚ.  
 
ʦ ̥̌т. ʦ ш̛хте ʦ ̥̌т. ʦ ш̛хте ʦ ̥̌т. ʦ ш̛хте ʦ ̥̌т. ʦ ш̛хте ʦ ̥̌т. ʦ ш̛хте ʦ ̥̌т. ʦ ш̛хте
ТʧϭϬϬ ;т̛т̦̌Ϳ 88,62 99,90 88,53 0,01 0,01 0,06 0,05
AДϬϬϬ 6,28 0,02 0,00 99,68 6,26 0,15 0,01 0,15 0,01
ʺˋ 2,59 0,01 0,00 0,01 0,00 99,98 2,59
х99 1,43 0,50 0,01 0,20 0,00 99,00 1,42 0,50 0,01
ˇСϮϬ 0,80 1,00 0,01 21,00 0,17 0,80 0,01 77,20 0,62
Итог 99,72 88,53 6,28 0,19 1,42 0,69 2,59
Mo
ʻ̛̥̌е̦о̛̦̏̌е  
ш̛хто̏ых 
̥̌те̛̬̌ло̏
Соде̬̙̌
̛̦е ̏ 
ˌ̛хте %
ˈ̛̥ ̭о̭т̌̏ ̏ %
Ti Al SI Cr Fe
 
 
ɉɟɪɜɵɟ ɩɥɚɜɤɢ ɩɪɨɜɨɞɹɬɫɹ ɛɟɡ ɜɨɡɜɪɚɬɚ, ɬɚɤ ɤɚɤ ɟɝɨ ɧɭɠɧɨ ɧɚɤɨɩɢɬɶ, 
ɩɨɷɬɨɦɭ ɫɥɟɞɭɸɳɢɣ ɪɚɫɱɟɬ ɲɢɯɬɵ ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ ɢ ɪɚɫɯɨɞɭɟɦɨɦ 
ɷɥɟɤɬɪɨɞɟ, ɬɚɛɥɢɰɚ 14. 
 
Ɍɚɛɥɢɰɚ 14 – Ɋɚɫɱɟɬ ɲɢɯɬɵ ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ ɢ ɪɚɫɯɨɞɭɟɦɨɦ ɷɥɟɤɬɪɨɞɟ.   
 
ʦ ̥̌т. ʦ ш̛хте ʦ ̥̌т. ʦ ш̛хте ʦ ̥̌т. ʦ ш̛хте ʦ ̥̌т. ʦ ш̛хте ʦ ̥̌т. ʦ ш̛хте ʦ ̥̌т. ʦ ш̛хте
ТʧϭϬϬ ;т̛т̦̌Ϳ 57,60 99,90 57,54 0,01 0,01 0,06 0,03
AДϬϬϬ 4,09 0,02 0,00 99,68 4,08 0,15 0,01 0,15 0,01
ʺˋ 1,68 0,01 0,00 0,01 0,00 99,98 1,68
х99 0,93 0,50 0,00 0,20 0,00 99,00 0,92 0,50 0,00
ˇСϮϬ 0,52 1,00 0,01 21,00 0,11 0,80 0,00 77,20 0,40
Элект̬од 35,00 88,53 30,99 6,28 2,20 0,19 0,07 1,42 0,50 0,69 0,24 2,59 0,91
Ито̐ 99,82 88,53 6,28 0,19 1,42 0,69 2,59
ʻ̛̥̌е̦о̛̦̏̌е  
ш̛хто̏ых 
̥̌те̛̬̌ло̏
Соде̬̙̌
̛̦е ̏ 
ˌ̛хте %
ˈ̛̥ ̭о̭т̌̏ ̏ %
Ti Al SI Cr Fe Mo
 
 
Ⱦɚɧɧɵɟ  %  ɤɝ  
ȼɵɯɨɞ ɝɨɞɧɨɝɨ  40  1000 
Ȼɪɚɤ  5  125 
ɍɝɚɪ  0,5  12,5 
Ʌɢɬɧɢɤɢ ɢ ɩɪɢɛɵɥɢ  52,5  1312,5 
Ȼɟɡɜɨɡɜɪɚɬɧɵɟ ɩɨɬɟɪɢ  1  25 
ɋɥɢɜɵ ɢ ɫɤɪɚɩ  1  25 
ɂɬɨɝɨ:  100  2500 
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ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɜɨɡɜɪɚɬ ɧɚɤɨɩɢɥɫɹ, ɪɚɛɨɬɚɟɦ ɩɨ ɨɫɧɨɜɧɨɣ Ɋɚɫɱɟɬ ɲɢɯɬɵ 
ɧɚ ɷɥɟɤɬɪɨɞɟ, ɜɨɡɜɪɚɬɟ ɢ ɥɨɦɟ, ɬɚɛɥɢɰɚ 15. 
 
Ɍɚɛɥɢɰɚ 15 – Ɋɚɫɱɟɬ ɲɢɯɬɵ ɧɚ ɪɚɫɯɨɞɭɟɦɨɦ ɷɥɟɤɬɪɨɞɟ, ɜɨɡɜɪɚɬɟ ɢ ɥɨɦɟ. 
 
ʦ ̥̌т. ʦ ш̛хте ʦ ̥̌т. ʦ ш̛хте ʦ ̥̌т. ʦ ш̛хте ʦ ̥̌т. ʦ ш̛хте ʦ ̥̌т. ʦ ш̛хте ʦ ̥̌т. ʦ ш̛хте
Элект̬од 35,00 88,53 30,99 6,28 2,20 0,19 0,07 1,40 0,49 0,69 0,24 2,59 0,91
ʦо̬̏̌̚т 59,00 88,53 52,23 6,28 3,71 0,19 0,11 1,40 0,83 0,69 0,41 2,59 1,53
Отходы ;те̥плеты, о̬̍е̚к̛ ̭л̛тко̏ ̛ т п Ϳ6,00 88,53 5,31 6,28 0,38 0,19 0,01 1,40 0,08 0,69 0,04 2,59 0,16
Ито̐ 100,00 88,53 6,28 0,19 1,40 0,69 2,59
ʻ̛̥̌е̦о̛̦̏̌е  
ш̛хто̏ых 
̥̌те̛̬̌ло̏
Соде̬̙̌
̛̦е ̏ 
ˌ̛хте %
ˈ̛̥ ̭о̭т̌̏ ̏ %
Ti Al SI Cr Fe Mo
 
 
Ɉɩɪɟɞɟɥɟɧɢɟ ɧɨɪɦɵ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɨɜ.  
 
Ɍɚɛɥɢɰɚ 16 –  ɇɨɪɦɵ ɪɚɫɯɨɞɚ ɞɥɹ ɪɚɫɯɨɞɭɟɦɨɝɨ ɷɥɟɤɬɪɨɞɚ 
 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɢ 
ɦɚɪɤɚ ȽɈɋɌ, Ɍɍ ɇɨɪɦɚ ɪɚɫɯɨɞɨɜ 
    % ɤɝ/ɬ 
        
ɌȽ100 (ɬɢɬɚɧ) ȽɈɋɌ 17746-96 88,62 2215,50 
AȾ000 ȽɈɋɌ 4784-97 6,28 157,00 
Ɇɑ ȽɈɋɌ   25442-82 2,59 64,75 
ɏ99 ȽɈɋɌ   5905-2004 1,43 35,75 
Ɏɋ20 ȽɈɋɌ 1415-93 0,80 20,00 
ɂɬɨɝ  99,72 2493,00 
 
Ɍɚɛɥɢɰɚ 17 – ɇɨɪɦɵ ɪɚɫɯɨɞɚ ɞɥɹ ɜɚɪɢɚɧɬɚ - ɲɢɯɬɵ ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ ɢ 
ɪɚɫɯɨɞɭɟɦɨɦ ɷɥɟɤɬɪɨɞɟ 
 
 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɢ 
ɦɚɪɤɚ ȽɈɋɌ, Ɍɍ ɇɨɪɦɚ ɪɚɫɯɨɞɨɜ 
    % ɤɝ/ɬ 
ɗɥɟɤɬɪɨɞ   35,00 875,00 
ɌȽ100 (ɬɢɬɚɧ) ȽɈɋɌ 17746-96 57,60 1440,00 
AȾ000 ȽɈɋɌ 4784-97 4,09 102,25 
Ɇɑ ȽɈɋɌ   25442-82 1,68 42,00 
ɏ99 ȽɈɋɌ   5905-2004 0,93 23,25 
Ɏɋ20 ȽɈɋɌ 1415-93 0,52 13,00 
ɂɬɨɝ  99,82 2495,50 
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Ɍɚɛɥɢɰɚ 18 – ɇɨɪɦɵ ɪɚɫɯɨɞɚ ɞɥɹ ɜɚɪɢɚɧɬɚ - ɲɢɯɬɵ ɧɚ ɷɥɟɤɬɪɨɞɟ, ɜɨɡɜɪɚɬɟ 
ɢ ɥɨɦɟ 
 
 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɢ ɦɚɪɤɚ ɇɨɪɦɚ ɪɚɫɯɨɞɨɜ 
  % ɤɝ/ɬ 
ɗɥɟɤɬɪɨɞ 35,00 875,00 
ȼɨɡɜɪɚɬ 59 1475,00 
Ɉɬɯɨɞɵ  6 150,00 
ɂɬɨɝ 100,00 2500,00 
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ɁȺɄɅɘɑȿɇɂȿ 
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ  ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɥɢɬɧɢɤɨɜɨ-
ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ, ɢɫɩɨɥɶɡɭɹ ɩɪɨɝɪɚɦɦɭ LWMFlowCV, ɩɪɨɜɟɞɟɧɵ 
ɢɡɦɟɧɟɧɢɹ, ɭɫɬɪɚɧɹɸɳɢɟ ɞɟɮɟɤɬɵ ɜ ɨɬɥɢɜɤɟ, ɨɩɪɟɞɟɥɟɧ ɜɵɯɨɞ ɝɨɞɧɨɝɨ, ɢ 
ɢɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɩɪɨɢɡɜɟɞɟɧ ɜɵɛɨɪ ɩɥɚɜɢɥɶɧɨɣ ɩɟɱɢ. Ɍɚɤɠɟ, ɨɩɪɟɞɟɥɟɧ ɦɟɬɨɞ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦɵ, ɜɵɛɪɚɧɚ ɫɦɟɫɶ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦɵ, ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɞɥɹ ɫɭɲɤɢ ɩɪɨɤɚɥɤɢ, ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɧɨɪɦ ɪɚɫɯɨɞɚ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɧɟɨɛɯɨɞɢɦɵɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ ɜɵɯɨɞ ɝɨɞɧɨɝɨ ɫɩɥɚɜɚ 
ȼɌ3-1Ʌ.  
ɉɪɟɠɞɟ, ɱɟɦ ɩɨɥɭɱɢɬɶ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 
6 ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫ ɭɱɺɬɨɦ ɢɡɦɟɧɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ: ɬɟɦɩɟɪɚɬɭɪɚ 
ɡɚɥɢɜɤɢ, ɜɪɟɦɹ ɡɚɩɨɥɧɟɧɢɹ ɮɨɪɦɵ, ɜɪɟɦɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɦɚɬɟɪɢɚɥ ɮɨɪɦɵ, 
ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɮɨɪɦɵ, ɦɚɬɟɪɢɚɥ ɫɬɟɪɠɧɹ.  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɟ ɜɵɛɪɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɩɨɡɜɨɥɢɥɢ ɩɨɥɭɱɢɬɶ ɧɟɨɛɯɨɞɢɦɵɣ ɪɟɡɭɥɶɬɚɬ. ɇɚɛɥɸɞɟɧɢɟ ɡɚ 
ɪɚɡɜɢɬɢɟɦ ɩɪɨɰɟɫɫɨɜ ɢ ɱɟɬɤɨɟ ɯɪɨɧɨɦɟɬɪɢɪɨɜɚɧɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɞɟɮɟɤɬɨɜ ɜ 
ɩɪɨɝɪɚɦɦɟ LVMFlowCV ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɧɹɬɶ, ɤɨɝɞɚ ɢ ɜ ɤɚɤɨɣ ɨɛɥɚɫɬɢ 
ɞɟɮɟɤɬɵ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɡɜɨɥɹɟɬ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, 
ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɜɧɨɫɢɬɶ ɢɡɦɟɧɟɧɢɹ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɥɢɬɧɢɤɨɜɨɣ 
ɫɢɫɬɟɦɵ. 
Ɂɚɜɟɪɲɚɸɳɢɦ ɷɬɚɩɨɦ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɧɨɪɦ ɪɚɫɯɨɞɚ 
ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɧɟɨɛɯɨɞɢɦɵɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ 
ɜɵɯɨɞ ɝɨɞɧɨɝɨ ɫɩɥɚɜɚ ȼɌ3-1Ʌ.  
ȼɵɩɨɥɧɟɧɧɚɹ ɪɚɛɨɬɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ. 
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